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REVISION OF ALLOGREADIOIDEA NIGOLL, 1934. PART— I. FAMILIES : 

LEPOCREADIIDAE NIGOLL, 1934, DEROPRISTIIDAE N. FAM.; HOmX- 
LOMEFRIDAE N. FAM. AND MASENIIDAE GUPTA; 19531 

Bj) 

H. R. MEHrA 
Allahabad 

[Received on 27th October, l96lj 

Gable and Himninen (1942) created the subfamily Deropiustiinae fot 
Deroprisiis OC\hxitx\ 1902 and Homalom etrinae syn. Anallocreadiinae Hunter and 
Banghain, 1932 for Homalomelra Stafford, 1904 and Sim er, 1929 on 

the basis of their study of the life-cycle of Deroprisiis inflata and morphological 
ieatures of their adults. They separated the two new subfamilies from the Lepo- 
crcadiinae Odhner, 1905 and included them in the Lepocreadiidae Nicoll, 1934 
on account of the cercariae of trichocercoiis type developing in simple rediae in 
gastropods and encysting into metaceixaaiae in invertebrates. 

The life cycle of Slephctnostomum tenue (Linton), a member of Acanthocolpidae 
as demonstrated by Martin (1939) also revealed that the Acanthocolpidae due to 
their true opthalmoxiphidiocercariae with simple spear shaped stylet and a tail 
shorter than body, long prepharynx, subglobular pharynx and short caeca not 
extending behind acetabulum, Y shaped excretory bladder with stenostomatc 
protonephridae differ much from the Deropristiinae, Homalometrinae and 
Lepocreadiinae characterised by their trichocercous cercariae. The Acantho- 
colpidae also differ in that their opthalmoxiphidiocercariae utilize small fish as 
their second intermediate host instead of invertebrates in which they become 
encysted into metacercariae. Thus the life cycle of Acanthocolpidae Luhe differs 
remai'kably from that of Lepocreadiidae Nicoll. 

We separate Deropristiinae Cable and Hunninen, 1942 and Homalometrinae 
Gable and Hunninen, 1942 from the Lepocreadiidae and elevate them to the rank 
of Deropristiidae n. fam, and Homalometridae n. fam. as they differ from the 
Lepocreadiinae Odhner, 1905 characterised by setiferous tailed cercariae posses- 
sing two conspecuous eyes and a long tail much longer than body bearing lateral 
tufts of setae in transverse rows on either side. The cercariae {Lepocreddium 
setiferous Miller and Northup) which develop in rediae in marine gastropods and 
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cl]L6Vst in marine iiiverLcbrates luck a stylet possess two suckerS) a very short 
pharynx, short oesophagus, cephalic glands and irregularly scattered cystogenous 
glands, Lulnilar or saccular excretory vesicle with iricsostomate protonephridia 
such as is met with in the typically Allocreadiid genera. Such excretory system 
also resembles that of the trichoccrcous ccrcariac of Deropristiinae Cable and 
Humiincn and Homalomctrinae Cable and Huuninen. 

‘ Gable (1952) created the gmm rrisUcola for Dihmislvphanus slurionis lallle, 
1930 as the genotype and only species and also created the genus Prisiolrnna witli 
manim Gable, 1952 as the genotype and only speci(‘s under tlu^ sub- 
family Deropristiinae. According to him Prislolrenia stands intenmuliate ))ctween 
Deroprislis and Prislicola in tlie extent of vitelhiria and uterus. As tlie spination 
of the cirrus and mctiMtcrm of the three gcuiera is of a, dilferent kind from that in 
the Acanthocolpidac and as they all occur in sturgeons it ‘'empluisises tiuur close 
relationship and points to a parallel evolution of parasite and host^^ and suggests 
their inclusion in the Deropristiinae Cable and Huuninen, 1942. He pointed out 
“should the precedent set ))y other iuvestigaliors in erecting families for small 
groups on the basis of adult structure be followed, the Deropristiine would be 
elevated to family rank.” But lie llually decided to maintain it in the family 
Lepocreadiidac. He thus admitted the uncertain family position of the D<u'opris- 
tiinae and did not remove it from the Lcpocreadiidae. 

.Yamaguti (1958) has again placed the Deropristiinae in the family Acatho- 
colpiclac. He created the subfamily Pristicolinac Yamaguti, 1958 for the genus 
Prislicola Cable, 1952 iiuder the Acanthocolpidae. We include Pristicolinac 
Yamaguti, 1958 in the Deropristiidae n. fam., vvhich thus includes subfamilies 
Dei’opristiinac Cable and Huuninen and PristicoliiKu^ Yamaguti. 

Trichocerco us oorrarine 

The term “Trichoccrcous ccrcaruuP*'’ has luma viuy vaguely in use. Tt is n 
heterogenous group of larvae which may lie divid<al into thrive subdivisions : (1) 
trichoccrcous cercariac of Fcllodistomatoidea, l)etter regarded as siUiferous tailed 
cercaidae (family Pcllodistomatiidac), (2) Setiferous uJled cercariac of Lepocn^adiidac 
Nicoli, and (3) trichoccrcous ccrcariac of Deropristiidae ii. fam., nomalomelridae 
n. fam. which may preferaldy be called “Auallocreadine” cercariac after Hopkins, 
possessing tails with 3-(3 pairs of veiUro-latcral tubercles each with a delicale 
“Plair” obviously sensory and not locomotor in function imliko the liristles or K(9ae 
of the setiferous tailed ccrcariae. Though the latter may lie consideriul as a larval 
adaptation, they have a phylogenetic significance in that tlicy have arisen in tw-o 
remotely related groups of distomes such as tlie Fellodistoinid stock and tlie 
Allocrcadiids of the family Lcpocreadiidae. The sotifenis tailed cercariac (erromv 
ously called trichocci'cous cercariac mentioned under subdivision (1) of Fellodisto- 
rnatidae are chatactei'ised by the presence of U, V or Y sha.pcd excretory vesicle 
with stenostomatc protonephridia, in contrast to that of the setiferus tailed eercariae 
of the Lepocreadiidac which have their excretory system of tubular or saccular 
excretory vesicle with mesostomatc protonephridia such as is met with in the 
typically Allocreadiid genera and also in Deropristiidae u. fam. and liomalomtv 
tridae n. fam. 

Deropristiidae n. fam. 

Diagnosis — AHocreadioidca Nicoli. Cuticle with extrenudy promiueni 
spines decreasing gradually in size and number towards posterior end. Remnants 
of eye spots usually present. Prepharynx short or absent ; oesophagus short, gimital 
pore midventral in front of acetabulum. Ovary pretcstieulnr scparatiul from 
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anterior testis by uterine coils. Testes tandem oi' slightly diagonal in postetior half\ 
of body. Cirrus sac well developed, claviform, extending behind acetabulum. 
V’^esicula seminalis bipartite with intervening transverse septum or sphincter, 
anterior chamber concerned with spermatophore formation. Receptaculum 
seminis and Laurer^s canal present adjacent to ovary. Cirrus and metraterm armed 
with prominent spines. Pars prostatica weakly developed with inconspicuous 
prostate cells. Genital atrium short or moderately long, tubular and unarmed. 
Vitellaria not extensively developed with rather scanty vitelline follicles begining 
behind acetabulum at the level of vesicula seminalis and not extending into 
extreme posterior region of body and not occupying entire post-testicular legion. 
Uterus much coiled, extending from ovary first posteriorly to or beyond testes and 
then anteriorly to join metraterm. Eggs numerous, medium in size and operculate. 
Excretoxy vesicle short, tubular or sac like with mesostomate protonephridia. 
Cercariae trichocercous with eyes and simple tail with a ventral finfold bearing 
ordinarily six pairs of ventrolateral tubercles each with a delicate “hair” and with- 
out a true stylet, developing in rediae in prosobranch gastropods and encysting in 
invertebrates as a second intermediate^ host. Adults parasitic in intestine of 
migratory fishes mainly eels and sturgeons. 

Type genus : Deroprislis Oclhner, 1902. 

Subfamily Deropristiinae Cable and Plunninen, 1942, 

Subfamily diagnosis. — Deropristiiclae n. fam. Cei’vical expansions pi'esent or 
absent. Circumoral crown of spines absent. Oral sucker not conspicuously lai'ger than 
ventral sucker. Prepharynx short or absent. Testes directly tandem or separated 
from one another by uterine coils. Ovary in middle third of body much in front of 
testes and separated from anterior testis by uteifine coils. Vitellaria lateral, vitelline 
follicles rather scanty confined to middle region of body teimiinating at level of 
hinder mai^gin of anterior testis or much in fi'ont of it. 

Type genus ; JJeropnsiis Odhner, 1902. 

Other genera : Fiistolrema Cable, 1952, and Skrjabinopsolus Ivanov, 1935. 

Subfamily Pristicolixiae Yamaguti, 1958. 

Subfamily diagnosis.—Deropristiidae n. fam. Spines in forebody anteriorly 
becoming much smaller except for the double row of flat circumoral spines. 
Circumoral crown of spines in two rows with a venti^al gap present. Oral sucker 
larger than ventral sucker, Prepharynx and oesophagus short. Testes tandem, 
slightly separated near posterior end. Ovary much behind middle of body a little 
in front of anterior testis. Vitellaria extending laterally and dorsaliy from vesicula 
seminalis to slightly behind testes but not I'caching extreme posterior region and 
not occupying entire post-testicular region. 

Type genus ; Pristicola Gable, 1952. 

The subfamily Plomalometrinae Gable and Plunninen, 1942 (syn. Anallo- 
crciidinae Hunter and Banghain, 1932) created by the latter authors under the 
Lepocreacliidae Nicoll is also excluded froiu the latter family and raised to the 
rank of the family Homalometridae n. fam. as it diflTers on account of its tneho- 
cercous cercaria having short tubular or sac-shaped excretory vesicle with meso- 
stomate protonephridia. The cercaria lacks a true stylet, but possesses a papilla 
like structure, which is in all probability a rudimentary stylet. Gable and 
Hunnineii think the cercaria of D. injldlci is an iirtermcdiate foim between, the 
opthalmoxiphidiocercariae and trichocercariae. 
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We have elevated Homalomcti'inae to the rank of the faniily Homalomctriclae 
n. fam. as it differs fundamentally from the Lepocreadiidac Nicoll in the character 
of its trichocercous cercariae as discussed before. Homalometridac n'. fum. is also 
created to indicate the striking differences from the Lepocreadiidac Nicoll, 
Deropristiidae n, fam. and Allocreadiidao Stossicli in the morphology of the adult. 

The Acanthocolpidae is a primitive ’family of the Allocreadioidiav. It 
appears that evolution took place along divergent lines from the Echinostomid 
ancestor (Superfamily Echinostomatoidea) giving the family Acanthocolpidai; ns 
one main branch, Deropristiidae n. fam. another small Irranch near its origin and 
the third main branch,— Lepocreadiidac branch with its branches, the Lcpocrea- 
diidae, Homalometridac as a short twig near its base close to the Deropristiidae 
branch and the larger twig, giving the families Allocreadiidao Stossich and 
Opecoelidae Ozaki as shown in the schematic plrylogenetic tree. The family 
Monorchiidae evolved separately from the Echinosiomid ancestor .as primitivi; stock 
with Asymphylodoridac n. fain, and Zoogonidac Odhuer, 1911 as its branches, 
represents the fourth main stem of the superfamily. 


Opecoelidae Alloct cadiidac 

\ / 

\ / 

N/ Acanthocolpidae 

Lepocreadiidae\ / / 

\ / / 

\/ Homalometridac 

\ / / 

Monorchiidae \/ ,/ 

\ \ / 

\ 

/\ 


\/ 


Asymphylodoridac \ 

/\ 

Zoogonidae\ 


\. 


\1 


/ 
/\ 


Deropristiidae 


Maseuiidae 


Echinostomid Ancestor 


SchemaLic phylogenetic tree of super fmmly Allocreadioidca 


Homalometridac a, lam. 

Family diagnosis,— Allocreadioidca, Body spinuhitc, Prcpiiarynx presciu 
or absent ; oesophagus short or absent ; Acetabulum in anterior dialE of body or 
almost equatorial. Genital opening median or submedian immediately in front; 
of acetabulum or behind intestinal bifurcation. Testes tandem, oblique or parallel, 
equatorial or postequatorial. Oirrus sac short, anterolateral or immediately 
anterior to acetabulum or absent, Ovary pre- testicular. R.eceptaculum seminis 
apd Laurer’s canal present. Vitellaria well developed, lateral extending from 
pharynx or intestinal bifurcation to hinder end and conlluent in post-tcsticular 
region or entirely restricted to and filling post-testicular region, Uterus between 
testes or anterior testis and acetabulum. Ova a few or small in number. 
Cercariae trichocercous (‘‘Anallocreadine”) without stylet, with eyes, well devo 
Ipped prepharpx, pharynx^ oesophagus shorter than pharynx and gaega extending 
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behind acetabulum. Excretory vesicle rectangular, sac like, tubular or sausage- 
shaped with mesostomate protonephridia, and straight slender tail bearing three 
or more pairs of papillae with a seta or sensitive hair and, sometime very narrow 
dorsal and ventral fins. Gercariac develop in fresh water and marine proso 
branch gastropods. Adults parasitic in fresh water and marine fishes. 

Type genus : Bomahmelron Stafford, 1904 (syn. Simer, 1929) 

Subfamily Homalometrinae Gable and Hunniiien, 1942. 

Subfamily diagnosis. — Homalometridae n. fam. Body oval or fusiform, not 
very elongate. Prepharynx present ; oesophagus short. Genital opening immedia- 
tely prcacetabular or immediately behind intestinal bifurcation. Testes tandem 
or oblique, postequatorial. Girrus sac absent and vesicula seminalis free in 
parenchyma. Vitellaria lateral extending from level of intestinal bifurcation to 
hinder end, confluent in post testicular region. Uterus between anterior testis 
and acetabulum. Ova small in number. Excretory vesicle tubular reaching 
posterior testis or ovary. Adult parasitic in intestine of fresh water and marine 
fishes. 

Type genus Homalometron Staffords 1904. 

Other genera included are Crassicutis Manter, 1936 and Pancreadium Maiiter, 

1954. 

Subfamily Microcreadiiane n. subfam. 

Subfamily diagnosis.— Homalometridae n. fam. Body small, somewhat plump. 
Oral sucker large. Prepharynx present or absent. Oesophagus absent. Testes 
parallel side by side, equatorial or tandem postequatorial. Girrus sac short, 
anterodorsal to acetabulum or immediately preacetabular. Vitellaria post- 
equatorial, united, entirely I’estricted to and filling post-esticular region or extend- 
ing from pharynx to hinder end. Uterus between testes and acetabulum.^ Ova a 
few only. Excretory vesicle tubular reaching behind testes. Parasitic in intestine 
of fresh water fishes. 

Type genus : Microcreadium Simer, 1929. 

Other genus included is Procreadium n.g. with the genotype and only species 
Prpereadium icialuri syn. AUomadium iclaluri Pearse, 1924. 

A new subfamily Assamiinae is created under the family Plomalometriclae 
n. fam. to accommodate Assamia gauhatiensis Gupta, 1953. The genus Assamia Gupta, 
1953 docs not belong to the family Opisthorchidae Braun, 1901 in which the author 
has included it, as the vitellaria are intercaecal and post-acetabular in position and 
the uterus is short, forming a few coils between the testes and genital pore. The 
excretory bladder is tubular extending upto the hinder region of ovary. The genus 
belongs to the family Homalometridae n. fam. of the superfamily Allocreadioidea 
Nicoll, It connects the two subfamilies of the latter family, Homalometrinae Cable 
and Hunninen, 1942 and Microcreadiinae n. subf. In the absence of cirrus sac it 
resembles the subfamily Homalometrinae, whereas in the entirely postacetabular 
and postequatorial position of the vitellaria it resembles the subfamily Microcread- 
iinae n. subf, The uterus* lies between testes and acetabulum containing a few 
ova. It, therefore, becomes feasible to create a new subfamily Assamiinae under 
the Homalometridae n. fam. to accommodate Assamia Gupta which has non- 
spinate body wall and prepharynx is absent. The oesophagus possesses a muscular 
oesophageal pouch at its posterior end and the two caeca arise from , the dorsal 
side of the oesophageal pouch, The genital pore lies at about half way between 
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ocsopliagcal pouch aud acetabulum. The genital atrium has strongly muscular 
walls formed of strong sphincter muscles. The tubular excretory bladder has a 
vesicle like structure at its anterior end immediately behind acetabulum, 

Assamiinac n. subf. 

Subfamily diagnosis, — Family Homaloinetridae n.fam. Body fusiform, dorso* 
ventrally flattened with anterior broader and narrow posterior ends. Body wall 
unspinatc. Suckers well developed, Acetabulum larger than oral sucker pre-equalo- 
rial or subequatorial. Oral sucker large ; prepharynx absent ; pharynx well devo 
loped, longer than broad. Oesophagus short, thin walled pi'oduccd posteriorly 
into a muscuLxr pouch. Caeca narrow, arising doi'^sally from dorsal side of oeso- 
phageal pouch by a common opening and extending to a little distance in front of 
posterior extremity. Genital pore median, half way between oesophageal pouch 
and acetabulum. Genital atrium with strongly muscular walls of sphincter 
musculature. Testes intercaccal, almost symmetrical, postacetabular. Oirrus sac 
absent. Vcsicula seminalis from behind acetabulum to genital pore. Ovary imme- 
diately postacetabular. Receptaculum seminis close to the side of ovary. ‘Laurcr^s 
9 anal present. Vitellaria follicular, intercaccal and post-ovarian restricted to 
and filling post-testicular region terminating a little in front of hinder end of 
caeca. Uterus short forming a few coils, intercaccal betweeir testes and genital 
atrium. Metraterm well developed. Excretory bladder tabular extending to 
ovaiy and swollen at anterior end near posterior end of • ovary. Eggs non-opercu- 
late, a few. Parasitic in intestine of fresh water fishes. 

Type and single genus : Assamia^, Gupta, 1953. With only species Assamia 
gaiihatiensis Gupta, 1953, 

The family Maseniidae Gupta, 1953 is closely related to the subfamily Pris- 
ticolinae Yamaguti, 1958 of the family Deropristiidae n. fam. which it resembles 
in the oral sucker being larger than acetabulum and provided with the double row 
of flat circumoral spines with or without gap, short px'cpharynx and short oesopha- 
gus, tandem or obliquely tandem testes situated closely behind ovary, vcsicula 
seminalis being bipartite with intervening transverse septum or sphincter, and 
vitellaria of restricted extent extending to testes. The excretory bladder is tubular 
or saccular extending to posterior testis. The two distinctive featui'cs of this 
family are the extremely anterior position of genii al pore on the dorsal side of 
oral sucker and extremely long cirrus sac extending from anterior end to aceta- 
bulum or even a little behind it. There is no doubt that this family belongs to 
the superfamily Allocreadioidea and is closely related to the subfamily Pristico- 
linae of the Deropristiidae n, fam. and Acanthocolpidae. I^ricc (1940) was correct 
in saying that the presence of a cirrus pouch suggests the aflinitics of Maseniinac 
Ghatterji (1933) created for Masenia collala with the Acanthocolpidae Luhe, 1909, 

Maseniidae Gupta, 1953 
(syn. Maseniidae Yamaguti, 1953) 

Family diagnosis.— Allocreadioidea : Cuticle spinulate. Oral sucker termi- 
nal, large, funnel shaped, much larger than acetabulum with circumoral interrupt- 
ed or uninterrupted, middorsally double crown of spines, Acetabulum well apart 
from oral sucker, pre-equatorial at junction of anterior and middle third. Prephar- 
ynx and oesophagus short ; ceaca simple extending to a little distance in front of 
hinder end. Genital'pore at extreme anterior end on dorsal side of oral sucker. 
Testes two, post acetabular almost tandem or obliquely tandem closely behind 
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dViiry anct in Contact with cacli oilier, Clirrus sac cJstrcmcly long, clavitbrm and 
curved extending from anterior extremity to acetabular zone consisting of a basal 
saccular and distal tubular parts. Vesicula seminalis bipartite with intervening 
transverse septum or sphincter. Pars prostatica with prostate cells well developed. 
Ovary postacetabular. Rcceptaculum seminis and Laureris canal adjacent to 
ovary. Vitellaria follicular, lateral, not extensive from acetabulum to testes. Uterus 
large post-testicular and pre-testicular. Excretory vesicle saccular or tubular. 
Parasitic in fresh water fishes. 

Type genus : Masenia Ghatterji, 1933. 

Other genus is Eumasenia Srivastava, 1951. 

Yamaguti recently (1958) has not recognized Lepocreadiidae Nicolland treat- 
ed it as subfamily Lepocreadiinae Odhner, 1903 under the family Allocreadiidae 
Stossich, 1903. He has also included Homalometrinae Gable and Hunninen, 1942 
-in the latter family. Plopkins (1941) remarked ‘T suspect that all Allocreacliid like 
genera with cotylocercous cercariae and 2 [( 24 - 2 )+ ( 2 + 2 )] flame cell formula form 
a natuiMl taxonomic group, distinct from those with opthalmoxiphidiocercariae 
{Crepidostomum diXiA its relatives), those with Trichocercous cercariae (Lepocrea- 
diinae), and those with (Anallocreadine cercariae Analloc/eadium and MicYocxeadiuni)^ 
Gable and Hunninen thought that the closest relatives of the Acanthocolpids are 
to be sought among^^the Allocreadiids such as Allocreadium^ Crepidostomm^.ici& Megalo- 
gonia. Yamaguti (1958) who has done a great service in producing a comprehensive 
compiiatory work, has not taken into consideration the characters of cercariae 
and life cycle data in His scheine of classification. The criteria of morphological 
characters of the adult used by him in the diagnosis of the family are too wide and 
rather vague to be of much value as concieved at present. There id no doubt the 
Allocreadiidae, which is one of the largest family of the Digenea, i$ cumbersome 
and difficult to define in its scope unless it is split up into a number of well defin- 
ed families on the basis of morphological features of the adult as well as of the 
cercariae and general life cycle. The morphological features should be as far 
as possible sharply distinctive so that their close affinities and those of the 
subfamilies under them can be clearly determined. Dawes (1956) in his key to 


subfamilies of Allocreadiidae gives 

Cuticle spinose (parasitic in marine fishes) Lepocreadiinae 

11. Cuticle non-spinose (parasitic in marine and fresh water fishes). 

A. In marine fishes (excepting^'^'). Allocrediinae 

B. In fresh water fishes 

{a) Oral sucker .with anterior processes .Stephanophialinae 

{Crepidoslo7mm.) 

(b) Oral sucker without anterior processes Sphaerostomatinae 

(Sphaerosio?nay^ 


In regard to Lepocreadiinae, which we now conceive as family Lepocreadiidae 
the distinctive features are— Cuticle spinose, and parasitic in digestive tracts of 
marine fishes, exceptionally freshwater fishes. The other cUstinctiye features are— 
Cirrus sac present enclosing vesicula seminalis interna, prostatic complex and 
cirrus, vesicula seminalis externa free or surrounded by prostatic cells in paren- 
chyma present (except Postporinae Yamaguti, 1958, in whicli tubular coiled seminal 
vesicle lying free in parenchyma is present and cirrus sac is absent although tubular 
pars prostatica surrounded by a membrane is present) ; cercariae of Lepocreadiidae 
are setigiferous tailed i,e,^ with tail much longer than body provided with lateral 
uvfts of setae, and with conspicuous ' eye spots but without stylet, developing in 
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i'odiac wuiiout coiiar and ambulatory processes in marine snails ; mctaccrcarlae 
encysted or unencystecl in inverteberatcs, triclad turbellarians, spinoid worms, 
medusae, ctenophores ; excretory vesicle ol cercaria tubular extending to 
acetabulum or beyond with mesostomate protonephridia ; excretory vesicle of 
metacercaria and adult often long and tubular extending to acetabulum and beyond, 
sometime even to pharynx [Opechona syn. Phauyngord)^ sometime to ovary behind 
acetabulum Petalocotylinae Ozald, 1937, exceptionally short, rcachiu g to hinder 
end of posterior testis (Opisthogonoporiuae Yamaguti, 1958). 

Though the Lepocrcadiiiiac is mostly parasitic in intestine of marine fishes, 
there arc a few exceptional genera parasitic in fresli water fislics. The life cycles 
of only a few members of the Lcpocrcadiidae have been cleinoxistrated. Palom1)i 
(1937) showed that Lepocreaditim album Stossich possesses setiferous tail much longer 
than body with lateral tufts of setae, which develops in marine snails, and becomes 
encysted in nudibranchs, Martin (1938) traced the life cycle of L, seiifmidcs (Miller 
and Northup, 1926), which is very similar to that of L. possessing also a 

similar setiferous tailed cercaria developing in rediac in the juarinc snail }{assa 
obsolela. The cercaria Opechoiia bacillans is well known to have tail much longer 
than body with lateral tufts of setae. 

Manter (1947) described several forms, Lepocnadiiim iuilla (Linton, 1947) 
Linton, 1910, Lep. bimarium Manter, 1940, Pseudocreadiim anandrum n. sp., Opechona 
gracilis (Linton, 1910) n. com])., Homalomelron elongalmn n. sp., CrasMitis marina n. si)., 
Opislhoporus epinepheli n. gen., n. sp. The latter genus named Postporus Manter, 1940 
constitutes the subfamily Postporinae Yamaguti, 1958 under the Alloejeadiictae, 
Another species of this genus Poslporus myclcropercae Manter (sym 
mycteropercae Manter, 1947) was also described. Manter added notes on four 
cies of Lepidepedon and Myzoxenus lachnolaimi Manter, 1947. Pie also described 
Bianium oliciliim l9'6l^ MuUiiesHs cheiodoni Manter, 1947. In the discussion 

under the latter species he mentions that Rliagorchis h very closely vchUed to 
Manter, 1931. He also described Enenlerum auriim Linton, 1910 under 
the Lcpocrcadiidae as set by Cable and Hunninen (1940), and in the discussion 
under it he mentions that he considers it as one of the latter family spite of 
its lack of eye-pigment even in young specimens. Perhaps it belongs to the Ope- 
coeliclae but it has a spiny cuticle^ seminal vesicle and and large prostate gland.’’ 

Manter (1947) also accepts the family Opecoclidac Ozaki, 1925. lie writes 
“Cable and Hunninen (1942 : 306) agree with liopkins (1941 : 42-43) in s\ic]i a 
restricted limitation of Allocreadiidae, Species known to possess cotyloiuicrocor- 
cous cercariae apparently fall into the femily Opecoelidac, while the genera Alio- 
ereadium Looss, \9Q0 ; Crepidoslomum Braun, 1900; Megalogonia Surber, 1928; 
Bmodera Railliet, 1896 ; and perhaps others remain in ihe Ailocreadiidae.’’ While 
we agree in regard to Allocreadium Crepidostomum and Megalogonia to be included in 
the Allocreadiidae, we accept the family BunodcridaeNicoll/l9l4 as Cercaria nodulosa^ 
which is xiphidiocercaria of virgula group developing in >sporocyst in Plaudina 
impura and encysts in the same host (Linstow, 1873), is suniciently distinctive to 
permit of the status ol a family for this group. Besides, the subfamily Bunodcr- 
inae Looss, 1902 has such characteristic morphological features in the adult that 
its status as a family would be amply justified. “Wc, therefore, recognise and main- 
tain the families, Lepocreadiidae Nicoll, Opecoelidac Ozaki, Allocreadiidae 
Stossich and Bunoderidae NicolL The new families Deropristiidae and Homalomct- 
ridae have been already dealt with under superfamily Allocreadioidea Nicoll, 
The families Homalometridae and Allocreadiidae are closely related as the now 
genus Procreadium with the genotype Procreadium ictaluri (syn. Allocmdium ulaluri 
Pearse, 1924) stands as a connecting link between the two families. 
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Manter (1947) raentloned the diagnosis of the Opecoelidae *‘Body smooth, 
more or less elongate, usually flattened ; anus or ani may be present ; excreto^ 
vesicle I-shaped ; testes postovarian, usually two (nine in Helicometrinajf taiidem 
or diagonal ; cirrus sac present, lacking or weakly developed ; ovary pretesticular j 
uterus usually entirely preovarian, only rarely extending posterior to ovary and 
never posterior to anterior testis ; seminal receptacle present or absent, usually 
absent ; eggs large ; vitelline follicles large ; genital pore preacetabular^ usually 
to the (left submarginal and dorsal in the Notoporinae). Adults in the intestine 
and caeca of fishes, usually marine fishes ; the cercariae known are* of the cotylomi- 
crocercous type, developing in sporocysts in snails ; Type genus Ope^coelus Ozaki, 
1925 /' 

VVe accept the above diagnosis of the family and think that this family has 
arisen from the common ancestor of the Homalometridae, Allocreadiidae and 
Lepocreadiidae evolved as a branch from the Acanthocolpid ancestor. This 
common ancestor had spinulale body. The adults of the Allocreadiidae which 
have also smooth, more or less elongated and usually flattened body are sometimes 
difficult to distinguish from the Opecoelidae. The Allocreadiidae are, however^ 
common in fresh water fishes while the Opecoelidae and Lepocreadiidae are very 
common in marine fishes* 

Macroderoidae McMullen, 1937* 

The family Macroderoidae McMullen, 1937 is maintained by us on r.ccouilt 
of the uterus descending to posterior end of body and then ascending, passing 
between two testes or dorsally and ventrally to them ; eggs small ; vitellaria lateral, 
of restricted size and extent, never extending mesially behind testes so as to unite in 
post' testicular x^egion, but on the other hand usually ending in front of the level of 
testes or posterior testis some distance in front of hinder end ; excretory vesicle 
tabular, Tshaped or saccular or Y-shaped with short arms extending to posterior or 
anterior testis. The cercaria is a xiphidiocercaria {Macroderoides typicus) having tail 
equal to one third or a little longer than body with a well defined finfold extending 
one»half to two-third of its length, a weak stylet and five pairs of stylet glands, four 
grouped in second quarter of body and fifth more anterior and difficult to see, 
discharging their secretion close to the base of the stylet. The excretory vesicle 
of xiphidiocercaria is I-shaped with a small dilatation at anterior end for the 
attachment of collecting tubules ; mesostomate protonephridia arising at alevelwitli 
posterior border of acetabulum whei^e common collecting tubule divides into 
anterior and posterior tubules* The cei'cariae without eyes l'^4 in number deve- 
lop in small rounded daughter sporocysts in gastropods (snails) and have spinulate 
body, fine spines being numei*ous at anterior end and sparse at posterior end. 
They penetrate and develop into m eta cercariae in tadpoles. Adults parasitic in 
intestine of fresh water and marine fishes. 

Type genus : Macroderoides Pearse, 1924 syn, Plesiocreadium Winfield, 1929* 

The family Macrodei'oidae McMullen, 1937 is derived fi'om the Allocreadii- 
(clae having spinose or aspinose body* The testes are tandem, oblique or symmet- 
rical. The cirrus sac containing vesicula seminalis, prostate complex and ciiTus 
is present ; it does not extend much behind acetabulum. Vesicula seminalis 
externa is absent. Genital pore is median or submedian in front of acetabulum. 
The ovary is postacetabular or may overlap acetabulum and pretesticulfir, 
The restricted extent of the vitellaria and uterus extending to hinder end and 
then winding forwards in its course are characteristic features of the family, 
which distinguish it from the Allocreadiidae. The family Opecoelidae Ozaki is 
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aUo closely related to the iattcr family having been evolved from the immediate 
common ancestor but it is more advanced and specialised in certain features such 
as in cercariae being of cotyloinicrocercous type developing in sausage-shaped 
sporocyst with terminal birth pore in marine, exceptionally in fresh water snails. 
Cercariae possess complex double pointed stylet, aspinose cuticle, three pairs ot 
cephalic glands with a single lateral and two median ducts on each side, oval 
postacetabular excretory vesicle and mesostomate proton ephridia. The mclU" 
cercariae encyst in marine Amphipods and arc progcnatic. The adults usually 
possess anal openings. 

Yamaguti (1958) has recently accepted it as a subfamily under the Alio- 
creadiidae, but we accept it as a separate family as already shown, on account of 
the specific characters of the cercariae and the life cycle. It has been more and 
more realised that each family has a characteristip larval type. Wc, therefore, 
agree with Hunninen and Gable (1941), Hopkins (1941) and .Mantev (1947) that the 
Opecoelidae should be considered and recognised as a family. 

Lepocreadiidac Nicoll, 1934. 

Family diagnosis, — Allocreadioidea : Body small to medium sik:ed rarely 
large, elongated, flattened, or oval to rounded, pyriform or foliate, spinulate rarely 
unspined. Remnants of cercarial eye spots usually present.’ Prepharynx varying in 
length, long, moderately long or unusually long or sometimes short or even absent. 
Pharynx present. Oesophagus usually short, sometimes moderately ^ long, long or 
very short; intestinal caeca always long ending blindly near hinder end or 
occasionally opening into excretory vesicle. Acetabulum usually small, sometime 
larger than oral sucker, rarely large ; at about anterior third or quarter of body 
length, sometimes equatorial or just pre-equatorial. Genital opening median, 
submedian, anterosinistral to left of oesophagus or intestinal bifurcation, median 
betwean the latter or pharynx and acetabulum, immediately poslbifurcal or im- 
mediately preacetabular, median immediately behind acetabulum (Postporiuae 
Yamaguti, 1958) or marginal or submarginal prctcsticular between acetabulum 
and ovary (Opisthogonoporinae Yamaguti, 1937). Testes in posterior half of 
body, tandem, oblique, or sometime symmetrical near hinder end sometimes mul- 
tiple split up into follicles {Rhagorchis Mantor, 1931 and Manter, 

1931, Folliorchiinae Yamaguti), rarely single {Hairana Nagaty, 1948, SjnrUesUs 
Nagaty, 1948). Cirrus sac as a rule well developed, rarely abseul, sometime 
slender or weakly developed, usually elongated, claviforrn, extending behind ace- 
tabulum, sometimes even further behind between the latter and ovary, or prcacel- 
abular, enclosing tubular or saccular vesicula seminalis interna, prostatic complex 
and prot'rusible cirrus, and almost always acbompanied by vesicula scminalis 
externa ; prostate gland cells partly outside and lateral to cirrus sac sometime 
present. Ovary usually pretesticular, postacetal)ular, occasionally intertest icular 
or opposite, anterior testis. Receptaculum seminis present exceptionally absent, 
Laurer’s canal present. Vitellaria extending along caeca from level of acetabu- 
lum or a little behind it to the hinder end, sometimes moi‘’e extensively developed 
from level of pharynx or oesophagus or intestinal bifurcation ; follicles usually 
small, occasionally large. Uterus prepvarian coiled between ovary and acetabu- 
lum, intercaecal, confined to region anterior to ovary or testes, occasionally wind- 
ing into space between two testes. Eggs usually large, with one exception always 
without polar filaments. Excretory vesicle tubular, often long reaching acetabu- 
lum or even further forwards beyond intestinal bifurcation, occasionally short 
ending sorn'e distance behind acetabulum reaching to region of testes, exception#!** 
ly Y-shaped. Cercariae setiferous tailed bearing lateral tufts of setae on thribhg 
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tail, po':)Sessing conspicuous eye spots and lacking stylet, develop in rediaein 
gastropods. Metacercariae encysted or unencysted in marine invertebrates, 
parasitic in digestive tract of marine fishes, i*arely in stomach or gut of fres; 
fishes. 

Type genus : Lepocreadium Stossich, 1904 syn. Leptotrema Ozaki, 1932. 

The family Lepocreadiidae Nicoll as concieved by us is quite large. Though 
the life cycle of only a few genera is known, it is expected that it will be essen- 
tially similar to that of Lepocreadium^ Opechona and Stegodexamine and that the occulate 
jetiferous tailed cercaria is characteristic of the family. We consider it to 
be a compact group as defined above. Besides the setiferous tailed cercariae 
:he other distinguishing features are the spinulate body-wall of the adult in 
:ontrast to the unspined body wall of the Allocreadiidae and Opecoelidae 
Dzaki, 1925, the presence of cirrus sac accompanied by vesicula seminalis 
jxterna ; the cirrus sac is rudimentry or absent in the Opecoelidae and the 
vesicula seminalis externa is absent in the Allocreadiidae. The excretory vesicle is 
ong and tubular in the Lepocreadiidae, whereas it is short not extending as a 
'ule beyond testes in the Allocreadiidae. The Allocreadiidae are mostly parasitic 
n gut of fresh water fishes, the Lepocreadiidae mostly in the digestive tract of 
narine fishes, exceptionally in fresh water fishes and the Opecoelidae in the 
ntestine of usually marine fishes. The cereariae of the latter family are of the 
lotylomicrocercous type, developing in sporocysts in snails. So the three families 
ire quite distinct and well defined. Of these families, Lepocreadiidae is the 
Qost primitive and Opecoelidae the most advanced and specialised. The 
Ulocreadiidae is closely related to the Homalometridae n. fam. and has probably 
.risen with it from the common Acanthocolpid ancestor evolving out fo the 
Ichinostomoidea, from which the Lepocreadiidae arose as a side branch. The 
)eropristiidae n. fam. as has been already discussed also arose from the ancestor 
lose to the Homalometridae. 

In the family Lepocreadiidae are included the subfamilies Lepocreadiinae 
)dhner, 1905, Aephnidiogenetinae Yamaguti, 1934, Hypocreadiinae n. subf. 
vtSittd iov Hypocreadium 1936 and Pseudocreadium Layman, 1930, Rhagor- 

hiinae n. subL for Rhagorchis Manter, 1931 and Manter, 1931, Haira- 

inae n. subf. for Hairana Nagaty, 1943, Stegodexamininae n. subf. for Stegodexamene 
lacfarlane, 1951, Eocreadinae n. subf. for Eocreadium Szidat, 1954 and LabrL 
jrinae Yamaguti, 1958, The subfamilies Trigonotrematinae Yamaguti, 1953, 
piritestinae Yamaguti, 1958, Opisthogonoporinae Yamaguti, 1958, Petalocoty- 
nae Ozaki, 1937, Postporinae Yamaguti, 1958, and Orientocreadiinae Yamaguti, 
958 are also assigned to the family Lepocreadiidae. The subfamily Labriferinae 
amaguti, 1958 is dropped and held as a synonym of Petalocotylinae Ozaki, 1937. 
'he family Dermadenidae Yamaguti is .reduced to subfamily Dermadeninae 
. subf. under this family. 

Key to the subfamilies of Lepocrediidae 

1. Body truncated posteriorly with lateral edges expanded to form wings 

or sleeves .Trigonotrematinae Yamaguti, 1958. 

Body not truncated posteriorly and lateral edges not expanded to form 
wings or sleeves ... ... *. ... 2 

2. Genital opening behind acetabxxlum ... 3 

Genital opening in front of acetabulum ... ... 4 

Genital opening to left at level of middle of acetabulum between it 
and body wall Folliorchiinae Yam^-guti, 1958. 
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3. Genital opening naoTginal or submarginal, pretesticular between aceta- 

bulum and ovary ; cirrus sac present 

...Opisthogonoporinac Yamaguti, 19v58, 

Genital opening median immediately behind acetabulum ; cirrus sac 
absent Postporinae Yamaguti, 1958, 

4. Oral sucker with 4 or 8 anterior retractile musuclar processes ; ccaca 

short almost half as long as body. , Spiritestiinae Yamaguti, 1958. 

Oral sucker without anterior muscular processes ... 5 

5. Testis one.., Fluiraninae u. subf. 

Teatis multiple, split up into follicles 

Rhagorcluinae n, sxil)f. 

Testes two ... ... ... , . . , , , G 

6. Caeca arcuate ; testes almost parallel ... ... ... 7 

Caeca non-arciiatc ; testes tandem near hinder cud, exceptionally 

parallel and immediately postequatorial ... ... 8 

7. Ventral body surface with couspicuoxis dermal glands and papillae 

Dermadeuinae n. subf. 

Ventral dermal glands and papillae absent 

• liypocrcadiinac n. subf, 

8. Uterus extending to posterior extremity 

Oricntocreadiinae Yamaguti, 1938, 

Uterus anterior to ovary or testes ... ... ... y 

9. Acetabulum with parallel projections or lamellar lips 

Petalocotylinae Ozaki, 1937 sym Lab- 

riferinae Yamaguti, 1958. 
Acetabulum without projections or lamellar lips ... 10 

10. Parasitic in fresh water fishes ... ... ... 1 1 

Parasitic in marine fishes ... ... ... ... 12 

Ih Testes parallel, immediately postequatorial ; uterus between acetabulum 
and testes Eocrcadiinac n. subf. 

Testes oblique, almost equatorial; uterus preovarian 

Stegodexamininae n. subf. 

12. Genital opening median or submedian immediately-preacctabular or bet- 
ween pharynx and acetabulum Aeplmidiogenetinae Yamaguti, 1934, 

Genital opening anterolateral or marginal, sinistral to acetabulum 
or marginal near oral sucker Lepocreadiinae Odlmer, 1905, 


Lepocreadiinae Odhner, 1905 

Subfamily diagnosis.^ Lepocreadiidae : Body elongated, pyriform, oval or 
plump, spmulate, usually oculate. Acetabulum pre-equatorial. Prepharynx 
distinct, moderately long, long or unusually long, sometimes short. Oesophagus 
^ort ; caeca reaching posterior end, occasionally opening into excretory vesicle. 
Testes tandem^ or oblique in posterior half of body. Cirrus sac clavatc, extending 
usually posterior to acetabulum. Vcsicula scminalis externa present ; prostate 
gland cells sometimes surrounding outside cirrus sac. Genital opening antcro- 
smistral to acetabulum oi’ anterolateral on left margin just in front of acetabulum 
niargmal near oral suipkcr, Ovary submedian or median, ’pretesticular^ rarely 
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opposite anterior testis* Receptaculum leminis and Laurer’s canal present. 
Uterus winding between ovary, anterior testis or posterior testis and acetatiulunn 
Vitellaria lateral, extending from acetabulum or intestinal bifurcation to hinder 
end, usually united in postacetabular region* Excretory vesicle tdbulat’, Idng, 
extending to acetabulum or fc^yond it* Parasitic in intestine of marine lushes. ; 

Type genus : Lepomadium Stossich, 1904 syn* Li^pot mm Oz^k^ 19$2^ 

The otlun^ genera included are Oji>i?rAowaLooss, 1907 syn* P^iJ!r)^??^(?m Lebour, 1908, 
Opechonoides Yamaguti, 1940, Yamaguti, 1936, 

1904 syn. Odhner, 1905 and Allolepidapdon Yamagpti, 1940* We hay e 

dropped the subfamily Lepidapedinae Yamaguti, 1958 and have included its 
latter two genera in the Lepocreadlinae. 

Aephnidiogenetine Yamaguti, 1934 

Subfamily diagnosis*— Lepocreadiidae : Body elongated, spinulate. Pre- 
pharynx short or moderately long or absent, Oesophagus shorter very short; 
caeca reaching posterior end. Acetabulum small, in anterior third or fourth of 
body. Testes tandem, equatorial or postequatorial. Cirrus sac small, antero- 
^dorsaT to acetabulum ox not extending behind the latter. Vesicula seminalis 
externa winding surrounded by prostate gland cells lying freely in 

parenchyma siMaied immed^^ behind acetabulum. Genital pore median or 
submGdian iinmediatei^ front of acetabulum or between the latter and pharynx. 
Ovafy enti#0 ^ tdbed ife-tiedmtely postacetabular, Vitellaria postacetabular exten- 
ding from level of ovary,' or a little more forwards from acetabulum or behind level 
of vesicula seminalis externa to hinder end, united behind testes. Uterus winding 
between ovary or anterior testis and acetabulum. Excretory vesicle tubular 
extending to ovary or testicular zone or posterior testis. Parasitic in intestine of 
marine fishes. 

Type genus : Aephnidio genes Nicell, 1915. 

The other genera included are Pfeoleptdapedon Manter, 1954, liolorchis Stossich, 
1901 and Pseudoholordns Yamaguti, 1958. 

Eocreadiinae n. Subf. 

Subfamily diagnosis. — Lcpocrc^diidae : Body spatulate with rounded ex- 
tremities, unspinulate. Acetabulum pre-equatorial, smaller than oral sucker. 
Prepharynx very short ; oesophagus short ; intestinal caeca reaching near hinder 
end. Testes parallel, closely opposite to each other, immediately postequatorial. 
Cirrus sac narrow, slightly developed, elongated, mostly dorsal to acetabulum. 
Vesicula seminalis externa present. Genital pore median immediately in front of 
acetabulum. Ovary in front of right testis. Receptaculum seminis large. Vitel- 
laria lateral, extending from level of acetabulum to posterior end and turning 
round caeca to surround them behind testes on each side of median tubular ex- 
cretory vesicle. Uterus coiled, intercaecal between testes and acetabulum. Eggs 
large, not numerous. Parasitic in stomach of fresh water fishes. 

Type genus : Eocreadium Szidat, 1954. 

Stegodexamininae n. subf. 

Subfamily diagnosis.— Lepocreadiidae : Body small, elongated, cylindrical, 
spinulate. Rudiments of larval eye spots present. Guticular glands well deve- 
loped. Suckers small, almost equal ; acetabnlum pre-equatorial. Prepharyhx 
very short ; oesophagus narrow and long ; caeca reaching posterior enej, Testes 
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oBUque, roundj almost equatorial Cirrus sac clavifonn, cxtcncliug much behind 
acetabulum, containing bipartite vesicula semmalis^ prostatic complex and 
muscular cirrus, Vesicula seminalis externa absent. Genital pore immediately 
preacetabular slightly to left of median line. Ovary dextralin front of posterior 
testis and with the two testes forming three angles of a triangle. Receptaculimi 
seminis • present. Vitellaria postacctabular, extending from level of ovary to 
hinder end, lateral around caeca and separate throughout their length. Uterus 
preovarian, intercaecal between ovary and acetabulum. Muscular metraterm 
present ; eggs fairly large. Excretory vesicle long, tubular reaching intestinal 
bifurcation. Parasitic in digestive tract of fresh water fishes. Gercaria oculate 
with setiferous tail and four pairs of penetration glands. 

Type genus : Stegodexamm Macfarlane, 1951. 

Petalocotylinac Ozaki, 1937 
syn. Labrifcrinae Yamaguti, 1958 

Subfamily diagnosis. — Lepocreadiidac : Body .‘elongated, unspinulatc or 
spiaulate. Prepharynx short or long or absent. Oesophagus short or absent ; 
paeca terminating at or near hinder end. Acetabulum large, pre-equatorial, with 
petaloid marginal projections or muscular lamellar lips or Jsemicircular bands of 
lamellar muscles. Testes tandem, in hinder half of body. Girrus sac long, 
preacetabular or overlapping acetabulum extending to just behind acetabulum. 
Vesicula seminalis outside cirrus sac, free in parenchyma ; pars prostatica 
surrounded by mass of prostate cells differentiated outside cirrus sac, postacetabu- 
lar. Genital pore median or submedian to left side of oesophagus or intestinal 
bifurcation or immediately behind intestinal bifurcation. Ovary immediately 
pretesticular or between anteidor testis and vesicula seminalis. Reccptaculum 
seminis prasent, Vitellaria lateral around * caeca, extending from in front of or 
from behind acetabulum to hinder end united in post-testicular region. Uterus 
coiled, preovarian. Excretory vesicle tubular, extending to ovary or testicular 
zone. Parasitic in intestine of marine fishes. 

Type genus : Pelalocotyle Qzaki, 1934. 

The other genera included are Labrifer Yamaguti, 4936 and MyKoxenus 
Man ter, 1934. 


Orientocreadiinae Yamaguti, 1958 

Subfamily diagnosis. — Lepocreadiidac : Body small elongate, spinulatc. 
Prepharynx short or long. Oesophagus short or long ; intestinal caeca terminating 
at hinder end. Acetabulum small, pre-equatorial, rarely equatorial. Testes 
tandem or oblique, postequatorial. Vesicula seminalis externa present. Cirrus 
sac muscular, claviform, to one side of acetabulum, enclosing vesicula seminalis, 
prostate complex and cirrus, not extending or slightly extending behind aceta- 
bulum, Genital pore median, immediately in front of acetabulum. Ovary 
submedian or median, postacctabular, closely in front of anterior testis. Recepta- 
culum seminis absent. Uterus extending to hinder end, overreaching caeca 
laterally. Metraterm well developed. Vitellaria lateral, extending from behind 
or just in front , of acetabulum to hinder end, not joining behind testes. Eggs 
small, numerous.: Excretory: vesicle tubular or Y-shaped with short arms. 
Parasitic in intestine of fresh water .fishes. 
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‘type gehus *. 6rieiUo(ireadium 'tubaiigui, 1931 syn. Canada Ghatterji, 
Nizamia Dayal, 1938, Ganadolrema -Dayal, 1949 and Frataimpsolus Dubininia et*’ 
Bychovsky, 1954. 

The other genus included is Macrotrema Gupta, 1951. 

Hypocreadiinae n. subf. 

Subfamily diagnosis. — Lepocfeadiidae : -Body round, oval, pyriform or ellip- 
tical, spinulate. Acetabulum small, equatorial or just pre-equatorial. Prepharjmx 
short ; intestinal caeca arcuate, terminating near or at hinder end.. Testes 
parallel or diagonal near hinder end. Cirrus sac claviform preacetabular or 
mostly in front of acetabulum with its posterior end overlapping the latter. 
Vesicula seminalis externa present. Genital pore to left of intestinal bifurcation 
oesophagus or pharynx. Ovary submedian or median, between two testes or just 
pretesticular. Receptaculum seminis and Laurer’s canal present. Uterus between 
two testes, sometime extending close to posterior end or between testes and 
acetabulum. Vitellaria extensively and profusely developed around caeca from 
pharynx or oral sucker to hinder end and united' mesially behind testes. Excretory 
vesicle tubular extending to acetabulum or further forward ; excretory pore 
terminal or dorsal. Parasitic in digestive tract of marine fishes. 

Type genus : Hypocreadium Ozaki^ 1936. 

The other genus included is Pseudocreadium Layman, 1930 syn, Leptocreadium 
Ozaki, 1936. 

Plairaninae n. subf. 

Subfamily diagnosis.— Lepocreadiidae : Body elongated, spinulate. Aceta- 
bulum near anterior end / Prepharynx absent; oesophagus short; caeca long 
reaching hinder end. Testis single, postequatorial near posterior end. Cirrus sac 
well developed, containing vesicula seminalis interna. Vesicula seminalis externa 
present. Genital pore median in front of acetabulum. Ovary median, pretesti- 
cular. Receptaculum seminis absent. Uterus preovarian, opening into metraterm 
pouch. Vitellaria extensively developed from acetabulum to hinder end, united 
mesially behind testes and .between it and ovary. . Eggs numerous. Parasitic in 
marine fishes. 

Type genus : Hair ana Nagaty, 1948. 

Rhagorchiinae n. subf. 

Subfamily diagnosis.- Lepocreadiidae : Body elongated, slightly elongated 
or oval, somewhat fusiform or plump, spined anteriorly.' Acetabulum in anterior 
half of body. Prepharynx absent ; oesophagus short or-very short ; caeca terminat- 
ing near or at hinder end. Testes multiple, i. e., split up into follicles 11 in one 
median group with ovary in front or 10 or 1 1 in two median or lateral groups with 
ovary between them. Cirrus sac elongated, claviform, extending behind aceta- 
bulum. Vesicula seminalis externa present. Genital pore to left of oesophagus 
or anterolateral to acetabulum, Ovary pretesticular or intertesticular, lobed 
median or submedian, equatorial or just pre-equatorial Receptaculuin seminis 
present. Uterus preovarian or may extend posterior to ovary. Vitellaria lateral 
extending from level of ovary or level of oesophagus or intestinal bifurcation to 
hinder end. Excretory vesicle extending to behind acetabulum. Parasitic in 
intestine of marine fishes. • ■ 
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iVpe genus : khagorchis 19^1 syn. Gargorchis Linton, 1940, 

The other genus included is MulHiesHs Manter, 1931. 

Postporinae Yaniaguti, 1958 

Subfamily diagnosis.— Lepocreadiidae : Body elongated, spinulate;, oculatc. 
Acetabulum pre-equatorial, smaller than oral sucker. Prepharynx absent ; 
pharynx large; oesophagus short; caeca terminating near hinder end. Testes 
tandem near hinder end. Cirrus sac absent. Vesicula seminalis coiled free 
in parenchyma. Tubular pars prostatica present but prostate cells absent. Genital 
pore median, immediately behind acetabulum. Ovary prctesticular. Recepta- 
culum seminis and Laurer’s canal present. Uterus coiled, preovarian. Vitellaria 
lateral extending from level of acetabulum to Hinder end, united behind testes. 
Excretory vesicle tubular, long, reaching intestinal bifurcation or pharynx. 
Parasitic in intestine of marine fishes. 

Type genus : Postporus Mantcr, 1949 syn. Opistlioporus Man ter, 1947. 

Opisthogonoporinae Yamaguti, 1958 

Subfamily diagnosis.— Lepocreadiidae : Body elongated, spinulate. Aceta- 
bulum in anterior third of body, l^repharynx present. Pharynx large ; oesophagus 
moderately long ; caeca terminating near hinder end. Testes tandem, close in 
front of each other in posterior half of body. Cirrus sac transversely situated 
between acetabulum and ovary enclosing bipartite vesicula seminalis and pro- 
trusible cirrus. Vesicula seminalis externa present. Genital opening submarginal 
or marginal, postacetabular almost midway between ovary and acetabulum. 
Ovary median, closely in front of anterior testis. Receptaculum seminis, Laurer’s 
canal and shell gland mass anterior to ovary. Uterus with a few coils, enlarged 
terminally into egg reservoir. Vitellaria lateral around caeca, extending from 
level of ovary to hinder end, Excratory vesicle tubular, short, reaching posterior 
testis. Parasitic in intestine of marine fishes. 

Type genus : Opisihogonoporus Yamaguti, 1937. 

Folliorchiinae Yamaguti, 1958 

Subfamily diagnosis. — Lepocreadixdae ; Body ovoid, unspinulate. Aceta- 
bulum slightly larger than oral sucker, equatorial. Prepharynx absent. Ocsophagxus 
absent ; intestinal caeca reaching posterior end. Testes follicular, intcrcaccal, 
aggregated as a large number of small follicles at hinder end of body*^ Cirrus sac 
enclosing vesicula seminalis interna, prostatic complex and ductus ejaculatorius. 
Genital pore lateral situated at level of middle of acetabulum Ixetween it and left 
body wall. Vesicula seminalis externa present extending posteriorly reaching 
anterior testis. Ovp.ry spherical, prctesticular. Uterus confined to space between 
acetabulum and testes. Vitellaria composed of small follicles extending along 
caeca from level of intestinal bifurcation to hinder end, contiguous behind. 
Parasitic in intestine of marine food fishes. 

Type genus Srivastava, 1948. 

The subfamily Orientiocreadiinae Yamaguti included by us in the Lepocrea- 
diidae stands intermediate between the latter family and the family Macroderoi- 
dac McMullen, 1937, which it resembles in the extent of its uterus, extending to 
the posterior end of the body and then ascending between the testes.. It also 
resembles in the vitellaria being of restricted extent and not united behind the 
testes. Tubangui (1931) pointed out that his new genus Ormiocreadiim “hears 
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ceHaiii resembiance to Plesiocreadimn typiciim Winfield, 1929, but it differs from tlie 
latter in the position of the seminal vesicle outside the cirrus sac^ presence of a 
prepharynx, shortness of the oesophagus, and in the posterior extent of thp 
vitelline glands/^ We drop the subfamily Walliniinae Yamaguti, 1958. The 
family Macroderoidae McMullen, 1937 is also distinguished as has been already 
mentioned in possessing characteristic xiphidiocercaria having tail about equal 
to one third or a little longer than the body with a well defined finfold extending 
over one half to two third of its length, a weak stylet and five pairs of stylet 
glands. It is likely that the Macroderoidae McMullen, 1937 has been ev:olve(| 
from the Lepocreadiidae, which is a primitive family of the Allobreadibidea 
through the subfamily Orientocreadiiiiae. 

Trigonotrematinae Yaiuaguti, 195^ 

Subfamily diagnosis.—Lepocreadiidae : Body small, truncated behind with 
lateral edges expanded and turned ventrally in the form of symmetrical wings or 
sleeves. Acetabulum small, pre-equatorial. Prepharynx short. Oesophagus very 
short ; caeca long reaching hinder end. Testes immediately behind acetabulum, 
symmetrically opposite to one another, mesialiy to caeca. Cirrus sac clavate, 
preacetabular, enclosing vesicula seminalis interna, prostate complex and cirrus. 
Vesicula seminalis externa present Genital opening on left body margin in level 
with pharynx. Ovary submedian, immediately behind acetabulum, intertesticular. 
Keceptaculum seminis and Laurer’s canal present Uterus short, preovarian ; 
lUv^traterm well differentiated. Vitellaria occupying post-testicular area mesialiy 
and in the region of wings. Excretory vesicle strongly curved in the form of an 
interrogation mark reaching close behind intestinal bifurcation ; excretory pore 
terminal. Parasitic in intestine of marine fishes. 

Type genus : Trigonoirema Goto and Ozaii, 1929. 

Spiritestiinae Yamaguti, 1958 

Subfamily diagnosis. — Lepocreadiidae : Body elongated, spinulate. Oral 
sucker large with 4 or 8 retractile muscular processes anteriorly. Acetabulum 
smaller than oral sucker, px*e-equatoriaI. Prepharynx almost absent. Oesophagus 
short ; caeca terminating much in front of hinder end, almost half the length of 
body. Testis single, median, elongated, more or less spiral in posterior half of 
body. Cirrus sac elongated,, lateral to acetabulum. Vesicula seminalis externa 
present. Genital opening preacetabular. Ovary pretesticular with shell gland 
complex in front. Uterus preovarian ; meiraterm pouch shaped. Receptaculuih 
seminis uterinum present. Eggs a few and large. Parasites of marine fishes. 

Type genus : Spiriuslis Nagaty, 1948. 

Dermadeninae n. subf. 

Subfamily diagnosis.— Lepocreadiidae : Body circular or semicircular, spinatc 

with evanescent subcircular cuticular scales. Ventral body surface provided with 
numerous conspicuous multicellular glands and papillae with pore at end ; oculate. 
Suckers well developed ; acetabulum slightly larger than oral sucker, subequa- 
torial. Pr^pharynx absent ; pharynx well developed ; oesophagus short ; caeca 
arcuate, narrow, quite apart from body edges nearer median line, curving round 
gonads, ends not far apart terminating near posterior end. Genital pore sub- 
median, slightly to left of pharynx, prebifurcal. Testes two, symmetrica], inter- 
caecal separated by ovary, immediately postacetabular. Cirrus sac elongated 
clavate extending diagonally backwards to slightly behind right anterior cd^c of 
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acetabuium. Vesicula seminaiis eXtcrna present ; cirrus largCj armed witli 
tubercles nr. papillae* Ovary median irucrtesticular. Reccptaciilum seininis lai^gc, 
anteripr to ovary. Vitcllaria widely distributed on dorsal surface from level of 
intestinal bifurcation to near posterior cud lilling wide cxlracaccariields. Uterus 
Sliort, coiled, preovarian immediately postacctabular. Metratcrm wcll^ developed. 
Eggs a few. Excretory vesicle Y-sliapcd with arms prol)ably representing enlarged 
collecting tubules. Parasitic in marine hshes. 

Type genus : Dernadena Mantcr, 1945, 

The family Dermadcnidac Yamaguti, 1958 for the genus Dennadena Manter 
is dropped. Mantcr rightly mentions that the latter genus resembles Pseudocrea- 
dium. Layman, 1930. There is no doubt that tliis genus stands close to Pseudocrea- 
diiim Layman, 1930, Euiymadhm Manter, 1934, Lepocreadium Stossich^ 1904 and 
Hypocreadium Ozaki, 1936. Though Mauler (1940) considers Hypocreadtum 02jaki, 
1936 a synon)ra of Pseudocreadium^ Jte (1945), however mentions the latter can be 
distinguished on account of the preovarian reccptaculum seminis and intertcsticular 
ovary in* Hypocreadium- We agree in this view and maintains it as a separate 
genus. Yamaguti (1958) has also done this* 

The genus Dermadena Mantcr resembles most closely the genus Hypocreadium 
and Pseiidocreadium, Its characteristic feature is development of Conspicuous 
multicellular glands and papillae on ventral body wall. The presence of ventral 
glands of Dermadena resemble according to Mantcr the papilla like and retractile 
glands of the Notocotylidac. On comparing it with the latter family he points out 
that the latter lacks an acetabulum, a pharynx and seminal receptacle. There 
are, however, some remarkable features of similarity such as symmetrical testes, 
intertcsticular ovary, dorsad excretory pore and Y-sluippcd excretory bladder, and 
presence of vesicula seminalis externa. But ho rightly concludes to place it in the 
Lepocrcadiidae ; its relationship with the Notocotylidac is quite remote. 
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The honey bee, Apis mellifera gandhiana Nougiera^ Netrto. is a bemfioial insect 
of gre at economic importance as it provides honey and serves as apoMinator to 
most of our commerciahfruits as well as legume crops*. Due to large stale use of 
more potent insecticides they are exposed to hazardous chemicals present in thc‘ 
environment. The temperature is an important factor which determines action 
of insecticides on the enzymes present in the system of bees. 

For this experiment worker honey bees were collected and anaesthetised in 
di-ethyl ether and immediately frozen by keeping inside- frigidWre. Ffcney bee 
heads were then seperated and kept in a beaker containing builFjr solution (Nad, 
26-30 gm., KHa PO4, 3-85 gm., NaOH, 1*00 gm., HjO to make 1 litre pH adjusted 
to 8-0). These heads were ground and filtered and the volume of the buffer 
solution adjusted so as to contain one bee head per c.c. Inactivation of the 
enzyme was done by incubating suspensions at the chtfsen temperatures for 
various periods of time. 

Assessment of the rate of inactivation was made at half-houtly intervals by 
measuring the change in p-H by p-H meter after adding acetylcholine bromide 
(Ach Br). 0-0 1 5 M as substrate. In this way the cfffect of temperature' was measured 
at 20^ 30°, 35° and 40° Centigrade. The results are shown in the table I. 

RESUur 

The temperature dependence of the cholinesterase activity in the ground 
heads of the honey bee has been found to be maximum at 35°C. 
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+ 10 c.c. of substrate 

’ 8*0{) 

7-5 

7*3 

7*2 

7*05 

7*00 

7*00 

0*f) 

ti*0 

B. . do 

8’00 

7*5 

7*3 

7*2 

7*05 

7*00 

7*00 

0*0 

0*0 

G. 10 c.c. of buffer sol. 
+ 10 c.c. of 3 id:)Slrate 

IVOO 

‘ 7*5 

7*5 

7*5 

7*5 

7*5 

7*5 

7*5 

7*5 

A. 10 c.c. of bee’s head 
brei in buffer sol. 
+ 10 c.c. of substrate 

8*00 

7*5 

7*3 

7*15 

7*1 

7*00 

0*0 

0*85 

0*85 

B. , do 

8’00 

7*5 

7*3 

7*15 

7*1 

7*00 

0*!) 

7*85 

0*85 

0. lO'c.c. of buffer sol. 
+ 10 c.c, of substrate 

8-00 

7*5 

7*5 

7‘5 

7‘5 

7*5 

7*5 

7*5 

7*5 

A, 10 c.c. of bee’s head 
brei in buffer sol. 
+ 10 c.c. of substrate 

8'00 

7*5 

7*3 

7*05 

7*00 

6*05 

5*95 

0*05 

0*05 

B. . do 

8*00 

7*5 

7*5 . 

7*05 

7*o:), 

6*05 

0*05 

6*95 

6*95 

G. 10 c.c. of buffer sol. 
+ 10 c.c. of substrate 

8*00 

7*5 

7*5 

7*5 

7*5 

7*5 

7*5 

7*5 

7*5 
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V^GfiTAtiOISJ OP SUf GATT'I, WESTERN GHAT'S 

By 

B. S. AHUJA^ 

Central Botanical Laboratory^ Allahabad 
[ Received on 1 1th January, 1961 ] 

The present paper deals with the vegetation of Sutgatti and adjoining areas 
in the district of Belgaum in Western Ghats. The area of study comprises of a 
small mountaneous tract with an average altitude ranging between 400*=-800 meters 
above sea-level. The low hillocks here, which rise upto an elevation of 800 
meters, are generally covered with deciduous forests of Teak, Terminalia^ Anogeissm^ 
Legerstroemia, etc. The slopes of these hills gradually merge into valleys which are 
extensively put'under cultivation of paddy and other cereals. 

The principal drainage is provided by the Ghatprabha river and its tributa- 
ries, flowing eastwards into Bay of Bengal. 

The climate of the area is typically monsoonic with an average annual rain- 
fall of about 144 cms. 

Soil and Geology: 

Two distinct soil types are met with in the area Le,, Black and Red soils, both 
being derived from basalt (trap). The black soils are of alluvial type and support 
a deciduous vegetation of Teak type while the red soils, generally, have a poor 
teak growth. The black soils are common along the slopes and valleys while 
on higher levels red soils predominate. 

The data has been presented on the basis of study of quadrat (Misra and 
Puri, 1954). The size of the quadrat was determined by the species-ai'ea-curve 
method. The minimum size of the quadrat was found to be 6 m. X 6 m. for the 
forest and 3 m, X 3 m. for the scrub jungle (fig. 1). 

Vegatation : 

The deciduous forests of the area may be classified into two types i.e., (1) 
Moist-deciduous and (2) Dry-deciduous forests. 

Again with teak as the indicator species, vegetation types may be split into 
(1) Teak forests and (2) Non-Teak forests* 

The climax stable type in the teak forests is a community MeahT erminalia 
type while in Non-teak Terminalia-Emblica subsists. The other communities in the 
area are various stages in the development of these two climax communities. 
The scrub jungles are biotic or bioedaphic, representing a secondary vegetation 
which under protection will develop into a deciduous forest. 

Teak Forestis : 

Besides the climax community Teak-Terminalia^ four other communities 
have been studied and their analysis is presented as follows 


^Present address i Lecturer, Govt. College, Jind. 

[ 25 ] 



(i) f'eak-t eminalia comm'iinit}} : 

The community has been studied in the areas of tZ/tiW, slope facing North 
Last and Sutgatti, slope facing East. Table I gives the summary of data to show 
the percentage frequency of the various species in the community, 


TABLE I 

Teak-T eminalia community 


Name of the forest 

Aspect 

Altitude (approx.) 

Soil 

No. of quadrats studied 

Sutgatti 

Slope facing cast 

500 meters 

Alluvium 

8 

Ukkad 

Slop facing N. E. 
500 meters 

Alluvium 

8 

Name of the plant 

Pcicentage frequency of the species 

Trees ; 

Anogeissus laiifoUa 

50 

37-5 

Chloroxylon sweiienia 

37-5 

12'5 

Emblica officinalis 

- 

25 

Lagerstroemia parviflora 

25 

12-5 

Saccopetalum tomentosim 

- 

37-5 

Tectona grandis 

100 

100 

Terminalia tonientosa 

100 

100 

Shrubs and Climbers : 

Aeacia concinna 

25 

60 

Garissa congesla 


25 

Cryplolepis bucimani 

- 

75 

Dioscorea biilbifera 

75 

75 

Dioscorea oppositif olid 

75 

75 

Gymnosporia-s]), 

37-5 

- 

Lantana camara 

100 

87-5 

Meyna-laxiflora 

25 


^andia dumelorum 

100 

75 

Ground flora : 

Anogeissus lalifolia 

25 

- 

Asparagus racemosus 

75 

75 

Biophytum sensiiivum 

100 

5U 

Gtirculigo orchioides 

100 

75 

Tectona grandis 

50 

50 

T erminalia . tomentosa 

25 

50 
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(it) Teak-Anogeissus-Chloroxylon community : 

This community has been studied at Mangutti forest by taking 10 quadrats. 
The forest is open with trees not exceeding 8~9 meters in height. The percentage 
frequency of Teak is 100 while that of Anogeissiis latifolia and Chloroxylon sweitenia 
is 90. The other common associates here are Terminolia tomenlosa^ Legerstroemia 
parvijlora^ Diospyros melanoxylon and Cassia fistula. 

The dominant shrubs are Lanlana camara, Randia tetraspema, having percentage 
frequency of 100. 

In the undergrowth, the regeneration of Tectona grandis, is*. common with 
few seedlings of Anogeissus latifolia^ Chloroxylon swsitenia and Terminalia lomeniosa. 
The common herbs are Alysicarpm sp., Biop'iylum sensitivum, 'Curculigo orchioides, 
Eragrostis bifaria^Justicia simplex, Senecio tenuifolius etc, 


PLATE I 
Fig. I 



{Hi) Teak-AnogeissuS'Grewia-Chloroxylon community : 

This type has been studied at Sutgatti by taking 10 quadrats, along gentle 
slooes facing west. The forest is better developed than the above type. The 
oercentage frequency of Teclona grandis here is 100 while that of Anogeissus latifoha 
is 70 3i,nd oi Grewia Hliaefolia a.nd Chloroxylon sweitenia is 40. Other common trees 
are Buchnania latifolia, Cassia fistula, Diospyros melanoxylon, Erinocarpus n%rrion\i, tanta- 
lum album and Ea^ersmmia parvifiora. 
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The common shrubby components are, Lantdna camdra^ and Ramlia dunwlorum, 
with climbers like CryJ)lolepis buchnani, Dioscorea bulbifera^ 1). opposiitjolxa^ VUis 
elongata and ^izyphus oenoplia. 

The common herbs are Alysicarpus lineata^ Biophylum smsUivunii Curculigo 
orchioides^ Rungia parviflora^ and Selaria glaucci. 

{iv) ChloYoxylori’-Teak-Lagerslroemia community : 

This community has been studied in Kattabali forest by taking 10 quadrats, 
along the slope facing west. The forest is open with rnore of shrubby associates. 
The percentage frequency of here is 100 while that of Tertona 

grandis and Lagerslroemia is 80. The other common trees are Cassia fistula^ Anogeissus 
lalifolia^ Diospyros melanoxylon and Terminalia tomenlosa. 

Among the shrubs Lantaiia camara^ Randia dumelonim an) doniiuaut while 
bushes of Dodonea viscosa, Gymnospmia monlana^ Siryc'nnos nttX’-vomica are also present. 
The common climbers in the forest arc Dioscorea bulbijera^ D. ipposilifolia and Vitis 
giganiea. 

The ground flora is composed of the seedlings of dominant sj)ecies and few 
herbs. The common herbs arc Clerodendron serraUim^ Chlorophyon sp,, Eragrosiis pilosa^ 
and Senecio tenuifolius, 

(v) Chloroxylon-Anogeissus-rcak community *. 

This community has been studied in the scrub jungle having only three tree 
species that have very stunted growth, 'riio percentage frequency of Aiiogeissus 
lalifolia and Ghloroxylon sweilenia in the 10 quadrats studied here is 100 while lluu 
of Tectona grandis is 60. 

Thc^ dominant shrubs of the forest arc Lantana cainara^ Randia lelrasperrna, 
Gymnosporia montana^ while the common shrubs arc Carissa congesia^ Dodoma viscosa 
and Ixora parviflora. 

Among the hoxhs, Alysicarpus EraiU'iemim Rungia parviflorUj Spermacocoe 
hispida, Tridax procumbens^ arc common in the Forest. 

Non teak forest : 

Arnong the Non-Teak areas the climax (stable) type is represented by Terminal 
lia-Emblica community. Besides this two other commuuiti(\s of this lyt)e have 
been studied. 


(i) T erminalia-Emblica community ; 
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plate it 



Z, — T^dh — Teminaliti Gonuuunity, 


3t T^dk — Ano^eissuS'Ghlorox^lon Community » 



PLATE m 



Terminalia'^Ph^lUitilhiU' tlouiimiiiity. 


tAbLfe ii 

^t'enrd nali a-Emblica cominuni ly. 


Name of Lhe f orest 

Ukkad 

Aspect 

S/W 

Soil 

Alluvium 

No. of quadrats studied 

15 

Name of the plant 

Percentage frequency 

Trees : 


Buchnania lalifolia 

26-6 

Diospyros melanoxylon 

13-3 

Emblica officinalis 

80 

Garugapinnata 

13-3 

Plerocarpus marsupiiirn 

40 

Sant alum album 

26-6 

Terminalia tomeniosa 

100 

Shrubs and Climbers : 


Carissa congest a 

13-3 

Cryptolepis buchnani 

26-6 

Cyclea pelt at a 

53-2 

Lantana camara 

100 

Randia dumetorum 

53-2 

Zi^yplius xylopyrits 

40 

Ground flora : 


Ageratum conytoides 

75 

Adiantum lunolarium 

26'6 

Curculigo orchioides 

100 

Dactylectenum aegypliacim 

53-2 

Emblica officinalis 

26-6 

Tectona grandis 

26-6 

Thunbergia fragrans 

70 

{ii) Lagerstroemda’Anogeissus- Diospyros community : 


This is an open scrub jungle having few tree species exceeding not more 
than 3 meters in height. 10 quadrats were studied. The percentage frequency 
of Lagerslroemia parvijlora^ is 100 while that of AnogGisstis lalifolia and Diospyros inelan- 
oxylon is 40 and 30 respectively. Bushes oi Phoenix sp., are also common. 

The dominant shrubs haying percentage frequency of 100 arc Gymnosporia 
montana^ Lantana camara, Randia iettaspem.a, Dodonea viscosa. Other common shrubs 
are Opuntia sp., and Argyrea cuneata. 
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The ground flora is composed of few small herbs here and there of which the 
common ones are Alysicarpus sp., Apludci varia, Senecio lenuifolius and Tridax 
procumbens.' 

(in) Chloroxylon-T cminaliu community : 

The forest presents an appearance of tJie above type. 'The percentage 
frequency of Ghloroxylon sweilenia and Tcminalia lomenlosa is 100 in the 10 quadrats • 
studied. Other common trees are Lagerslromia parviflora and Anogiisxti.': UUifolia. 

The common shrubs arc the hardy/thorny .species al Lantann camara, muX 
Randia tetraspema (having percentage frequency of 100) and others Acacia sp., 
Dodonea viscosa, Fluegia microcarpus, Gymnosporia montnnn .and Ixora parvijhra. 

The common herbs arc Scnecio tcnuijblius, liimgia parvijlora, Tridax procumbens. 
Setaria glauca and others. ' 

DI.SCU.SSION 

The stable forest in the area is Teak-'Tmiindk lyin', in leak forests and 
Terminalia-Emblica type in non-teak forests. All other oommimit ies are develop- 
mental stages tending to progress towards the cliunax at diirercnt stages. The 
persistance of several communities in a more or less semi-pcruiancnt slate is 
due to the aspect, geology, nature of soil and biotic conditions. 1'lie biotic factors have 
brought into exTstence a number of communities wliicli are dillercnt from early 
stages and represent a secondary succession. Succe.ssioual details in lire area 
arc being worked out. 

I am grtcaful to Dr. G. .S. Turi, Director, Central Botanical Laboratory for 
his valuable guidance and to C. S. T. R. for the award of a Research Fellowship. 

liti'.raturu cirrid) 

Misra, R. and Turi, G. S. lO.ld. Indian manual of Tlaut Rcology, Dehradun. 
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ON Tttte manner OE the discharge of SEGRETiON FROti 

THE EPITHELIAL CELLS IN MIDGUT AND HEPATIC 
CAECA OF CERTAIN INSECTS* 

By 

R. P, SRIVASTAVA 

D'epartment of ^oology, Lucknow University 

[ Received on 3rd November; 1959 ] 

INTRODUCTION 

It has been claimed by some workers that the secretion froni ihidgut aiid 
hepatic caeca of insects may go on without any visible change in the Structure 
ot the Cells. ^ But most of the other workers have described a number of visible 
changes during the secretory activity of these cells and a large number of struc- 
tures as discharged cytoplasmic globules, extruded nuclei etc. have been consider- 
ed to represent secretory discharges. The present author therefore, decided to 
find out if there were some visible changes in the structure and activity of the 
epithelial cells in midgut and hepatic caeca of certain insects during normally fed 
conditions, unfed conditions and conditions at regular intervals after feeding. 

MATERIALS AND METHODS 

Three insects were employed for this study. These were : Leogryllus bima’^ 
culatus Sauss., Periplaneia americana Linn, and Gryllodes sigillatus Walk. Specimens 
of the three insects were collected and regularly fed for fifteen days. They were 
then dissected under following conditions : 

(a) Some insects fed for fifteen days were dissected 6 hours after last feed- 

ing. These were regarded as normally feeding individuals* 

(b) Some insects, which had been fed for fifteen days, were kept without 

food for 2 days after which they were dissected. These were re*- 
garded as unfed individuals. 

(c) Some insects, which had been previously fed for fifteen days, were kept 

without food for two days. These were later fed and dissected at 
regular intervals of 3 hours, 6 hours and 9 hours after feeding. 
These were regarded as fed individuaL. 

The antexdor portions of their midgut and their hepatic caeca were fixed in 
Mann-Kopsch and Yao-Nan fluids and 5 M thick sections were obtained for the 
study. 

OBSERVATIONS 

The form and structure of the epithelial cells remain essentially similar in 
normally fed condition (Fig. 1), unfed condition (Fig. 2) and in conditions at 
regular intervals after feeding (Figs. 3 & 4). The columnar epithelial cells are at 
times of equal size but mostly they are arranged in groups of elongated and short 
cells. This change in the size of the cells shows no co-ordination with the secretory 
activity. The cytoplasm in the cells is granular in nature, the granules being 

^ Part of the thesis approved for the PluD. Degree of Lucknow University* 


[ 33 ] 



lioarscr in okicr (longulcd cells sjicciully in ilic apical legions. Tlic nuclei also 
present a nnifonnly similar structure under all conditions. I’lie mtclear membrane 
is always intact and at no stage: tiny nuclear extrusion has lieen observed. The 
nuclei generally oce.npy tlie iniddlo region of the cells. The occasional shifting of 
the nuclei towards the apical regions of tht' cells takes place only in okltn- cells 
in which the Inusal regions Inive become elongated. This occurs due to the age 
of the cells and iivcrettsed pressure from the sides because of the growing yonngm’ 
cells formed by the regenerative cells. Thus the position of the nucleus ai.so tloi's 
not show any co-ordination to the secretory activity. The lumen ends of the 
columnar cells generally present an ev( a surface without any tracu^ of exiniding 
protoplasmic globules, nuclei, etc. Ciell extrusions often observed iu(' too small 
in number to suggest any signillcance in the matter of secretory activity. If these 
cell extrusions represented secretory dischargo.s as supposed liy previous workers 
they should have shown a decrease in their number or even absence in the unfed 
individuals and their increase during normally fed condition or utlea.st in some 
other condition some time after feeding but such a thing does not occur at all. 
These cell extrusions may be ol)S(*rved in unfed individuals (h'ig. 2) and do not 
show an increase in their number in normally fed condition (1%. 1) or at any 
time after feeding (l'’igs. 3 & 4) and instead may be entirely absent in actively 
feeding individuals (Fig. 1). These facts allbrd conclusive evidence in support of 
the view that these cell extrusions cannot he regarded to be secretory discliarges. 
Besides, these cell extrusions always occur on top of old cells and represent extru- 
sion of old worn-out cells. 

DISCIU^SION AN!) CONCLUSIONS 

There has been a good deal of confusion about the manner of discharge of 
secretion from the cells of midgut and hepatic caeca of insects. The earliest cla.s- 
sical work concerning these is that by Gehuchten (1890) on covlaminata. 

He stated that the globular protrusions found on lop of certain epithelial cells 
were secretory globules. Majority of later workers appears to have taken 
Gehuchten’s (1890) conclusions for granted and have described the discharge 
of secretion from the epithelial cells in midgut and Jiepatic caeca of msccts in form 
of these discharged cytop]<'ismic globules. Poyai'koif (HUO) described disclnirge 
of secretory globules. Gresson (1934) de, scribed in ca.s(! of Periplancln mcnlaUx 
separation of cell tips, discharge of cytoplasmic globules and l)nr.sting ofe.idl.sas 
evidences of the secretory activity. Hodge (1936) working on Mclamphis had a 
similar view. Saksena (1951) working on the alimentary canal of Aulacophora also 
considered the discharge of secretion to take place in form of such structures as 
cytoplasmic globules, etc. Pradhan (1936) observed presence of such structures 
but did not mention whether he considered these ‘to be secretory cUschargc.s or 
not in order to avoid a controversy (as stated by him in his paper'). On the other 
hand, some workers believed that discharge of secretion takes place without the 
cell showing any visible change in appearance. Henson (1929, 1931) believed that 
die secretion goes on witlioiit any change in the epithelial cells in Vanessa urticae. 
Green (193i, 1933) stat(;d that in case of Vespa secretion may be discharged without 
any alteration in the cells. Day and Powning (1949) working on the epithelial cells 
on Blatella clearly showed that the secretion is discharged by the cells in a simple 
manner of diffusion. WiggleswortI, (1953) .also holds a similar view in case of 
mosquito. The present author on tin; basis of his observations .and reasons 
described aI)ove believes that the cell extrusions ofum observed along the epithe- 
lial surface arc the results of cellular degeneration and do not n*i)reseiit s(^cretory 
discharges and the secretion from the cells is dischargial widioul any visible 
change in the epitliclial colls in a simple m.anuer of diffusion. 
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EXPLANATION OF FIGUREvS {Plwiomkragr&phs) 

Fig. 1. A part of epithelium from normally feeding specimen of Leogryllus 
bimaculatus Sauss. showing entire absence of cell extrusions. Yao-Nan 
preparation. 

Fig. 2. A part of epithelium from unfed specimen of Leogryllus bimaculaius 
Sauss. showing presence of cell extrusions. 

Fig, 3, A part of epithelium from specimen of Leogryllus bimaculaius Sauss, 
dissected 6 hours after feeding showing absence of cell extrusions. 
Yao^'Nan prepai'-atiou. 

Fig, 4. A part of epithelium from specimen of Leogryllus bimaculatus Sauss, 
dissected 9 hours after feeding showing absence of cell extrusions. 
Yao-Nan preparation. 
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INTRODUCTION 

Growth, which involves an increase in both the number and mass of cells, 
is a complex process. In all the organisms, including fungi, growth follows a 
definite pattern and the way this development takes place depends upon the species, 
the environmental and the nutritional conditions. Temperature is one of the 
most important environmental factors for the growth of all the organisms. ^ A large 
amount of literature has accumulated on the range of temperature suitable for 
growth of various fungi. Coons (1916) found that temperature limit oi PUnodomus 
to was between and 30°G. The ranges of temperature for Monilia 
fructigena and Cephalothecium roseum (Ames, 1915) are 4°C«30°C and 9°G-35°G respec- 
tively while the lower temperature limit of Diplodia natalensis (Fawcett, 1921) was 
50°F. These and many other reports confirm that different organisms differ in 
their growth rate at various temperatures-. 

Amongst nutritional requirements carbon is of fundamental importance for 
fungal growth. Almost half of the dry weight of the fungal cell consists of carbon. 
Generally the carbohydrates are preferred by fungi as the source of nutrition but 
no single sugar is the best source of carbon for all the fungi. However, most of the 
fungi can use a large variety of carbon sources for their growth and sporulation. 
It has been reported that species of the same genus differ in utilizing the same 
source of carbon. Colletotrichum Uni (Tochinai, 1926) and Gloeosporium psidii (Agar- 
wala, 1955) grew poorly on glycerol, but Colletotrichum phomoides (Kendrick and Wal- 
ker, 1948) and Gloeosporium musarum (Grewal, 1954) utilized it favourably. Arnongst 
Sphaeropsidales Kinsel (1937) and Stevens and Larch (1939) reported that Diplodia 
macrospora did not utilize the monosaccharides at all and grew only on thev.disaccha- 
rides. Bilgrami (1956) found that Phyllosticta cycadina and Phyllosticta ariocarpina 
could utilize carbon from all the sources used by him, viz., carbohydrates, sugar 
alcohols and organic acids. 

For sulphur requirements Fruton and Simmonds (1958, p, 799) reported that 
‘‘The nutritional requirements of various types of micro-organisms for sulphur vary 
from the ability to use sulphate as the sole source of sulphur to an absolute require- 
ment for cystine and methionine as well as for one or more of the sulphur contain- 
ing vitamins^’. Volkonsky (1938) has classified the organisms into two categories : 
(i) “Euthiotrophe”, which can obtain sulphur from ions and (n) “Parathio- 

trophe’’, which cannot utilize ions. 

The present paper deals with the effect of temperature and different carbon 
and sulphur sources on the growth and sporulation of some members of Sphaerop- 
§idales. 
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k.vrERIAl.S AND METHODS 

Four species of Sphaeropsidalcs, yi^., Boityodiplodia sp., Botryodiplodia iheobrmnat 
Pat., Diplodia cajani Raychaudhuri and Macrophoniina phaseoH (MaubL) Ashby were 
taken up for the present study. The cultures of Boityodiplodia theobromae Pat, auul 
Macrophomina phaseoli (Maubh) Ashby were provided by the Head of the Mycology 
Section, I. A. R. I., New Delhi, and the rest were obtained from Dr, J. C. Fklwurd, 
Agriculture Institute, Naini (Allahabad), The basal medium consisted of glucose 
5'0 gms., asparagine 2*0 gms., MgSO.jt, 7HaO 0’5 gm., 0*5 gm. and distilled 

water lOOJ c.c. To study the effect of temperature on the growth of the fungi 
vmder investigation the basal medium was solidified by adding 2U gms. agar. It 
was then autoclaved at 15 lbs, pressure for 15 minutes. Sterilized Petri dishes of 
equal size (10 cm. in diameter) were taken and equal quantity of the medium (10 
c.c.) was poured in each Petri dish. After incubating them at room temperature 
(mean 25°C) for three days the contaminated ones were rejected. The rcmaii'ing 
dishes were then kept at a temperature, at which the growth was to be observed, 
at least for three hours before inoculation to remove the lag effect. The various 
temperatures tried were lO^^G, IS'^G, 20'^a, 25 G, SO^'C, 35 ^G, 40^G, 45*^0, 50^., and 
55‘^C. The dishes were inoculated with the fungi under experiment, keeping the 
size of the inoculum equal (4 mm, in diameter) in all cases. 

All the experiments were run in triplicate. The measurements for radial 
growth were taken at the end of 24 horns and 48 hours. Observations were made 
along two lines A and B cutting at right angles to cacli other, the scat of inoculum 
being the centre. The mean of the two diametric readings was calculated. The 
thermal deatJi point of the mycelium was determined by keeping some of the 
inoculated dishes for 12 to 36 hours, at temperatures on which it did not grow. 
The dishes were then transferred to room temperature. The failure of the fungus 
to grow indicated that death has taken place and that the temperature to which, 
the fungus was exposed, was its thermal death point. 

To study the effect of different carbon sources on the growth, of the above 
fungi, glucose of the basal medium was replaced by different carbohydrates 
sugar alcohols and. organic acids, singly, in quantities so as to furuisli 200.) mgs. 
of carbon per litre. While studying tlic effect of different inorganic and organic 
sulphur sources on the growth of these fungi MgSO.t of the basal medium was 
replaced by various sulphur compounds so as to furnish 13.5 mg. of sulphur per 
litre. The rest of the procedure including tlic statistical analysis of the data, was 
the sameTis outlined in an earlier paper from this laboratory (Saksena and Kumar, 
1961). ' 

Chemicals of high grade purity (Analar of B. D. H. and E. Merck) were used* 
The cultures of these fungi were maintained on a medium containing peptone 
f gm., dextrose 2*5 gms., distilled water 1005 c.c. and agar 20 gms. at 25^G, 

KximuumiwL 


(a) Effect of Temperature : 

The results obtained on the effect of temperature on the growth of Bolryodip* 
ladia sp., Boityodiplodia theobromae^ Diplodia cajani and Macrophomina phaseoli arc 
summarized ip Table 1 . 
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I'ABfil 1 


Showing the diametric spread (in ms,) of ike fungal colonies and tkertridl 
death point of the font fungi Under study 


Temp. Time in hrs. 

Diametric spread 

Botryodiplodia B, 

sp, theobromae 

(in erns.) 

Diplodia 

cajani 

Macrophomina 

phaseoli 

io°a 

1-24 

24-48 

No growth 
No growth 

No growth 
No growth 

No growth 
No growth 

No growth 
No growth 

15"G 

1-24 

24-48 

Negligible 
0*5 cm 

0*2 cm 

0*8 cm 

0*2 cm 

0*9 cm 

Negligible 
0*6 cm 

2()'C 

1-24 

24-48 

1*8 cm 

1*7 cm 

0*8 cm 

1*0 cm 

1*5 cm 

1*4 cm 

Negligible 
0*8 cm 

25T. 

1-24 

24-48 

2*1 cm 

2*2 cm 

1*5 cm 

2‘6 cm 

1*9 cm 

2*0 cm 

1*0 cm 

1*8 cm 

30°C 

1-24 

24-48 

5’3 cm 

3*5 cm 

3*6 cm 

5*2 cm 

4*0 cm 

3*4 cm 

4*5 cm 

4*4 cm 

35°G 

1-24 

24-48 

3*4 cm 

3*6 cm 

2*4 cm 

4*6 cm 

2*2 cm 

2*8 cm 

2*0 cm 

5*9 cm 

^O^'G 

1-24 

24-48 

Negligble 

0*3 cm 

Negligible 

0*3 cm 

0*3 cm 

0*3 cm 

2*0 cm 

0*2 cm. 

45°G 

1-24 

24-48. 

No growth 
No growth 

No growth 
No growth 

Negligible 
0*3 cm 

No growth 
No grow'th 

50°G 

1-24 

24-48 

No growth 
No growth 

No growth 
No growth 

Negligible 

Negligible 

No grow:th 
No growth 

55°G 

Thermal Death 
Point 

1-24 

24-48 

No growth 
No grow^th 

Between 12 
and 18 hrs. 
at 53'^C 

No growth 
No growth 

Between 12 
and 18 hrs. 
at 50'^G 

No growth 
No growth 

Between 18 
and 24 hrs. 
at 55°G 

No growth 
No growth 

Between 6 
and 12 hrs. 
at 52^G 


It is evident from the table that the minimum temperature for the growth of 
these fungi lies between 10^0 and 15^C. Growth of the present organisms increased 
with the increase in tempb’ature upto 3ff^C. A fall in the rate of growth of these 
organisms with the further increase in temperature indicates that 30°G is the 
optimum temperature for the growth of the fungi under investigation (Figs. 1,2, 3 
and 4). Except for Macrophomina phaseoli, which grew well at 40°C, there was very 
little growth in the case of rest of the fungi. At 45^0 and 50°G only Diplodia cajani 
showed some growth while the rest failed to grow. At 55°C even this fungus did 
not grow. 

None of the above fungi showed a constant rate of growth at one temperature. 
Botryodiplodia sp., grew faster during the first 24 hours while Botryodiplodia theobromae 
did so in the second 24 hours. Diplodia cajani and Macrophomina phaseoli showed a 
general tendency of growing faster in the second 24 hours, though at 20°C and 
30°C growth of Diplodia cajani was faster during first 24 hours. 

Thermal death point was found to be different for the four fungi investigated* 
Botryodiplodia sp. tolerated 53®C upto 12 hours but died after being kept for 
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IS liolirs at this teaiperatuvc. Bobjodiphdia theobromae tailed to grow at room tem- 
perature when it was removed from the incubator at 50*^0 after 18 hours. Death 
of Diplodia cajani occured at 55°G l)ciween 18 and 24 hours while Macrophomim 
phaseoli died at 52®G between 6 and 12 hours. 

[b) Carbon requiremenls : 

The results arc tabulated in table 2 for Botryodiplodia sp.> Botryodiplodia theo^ 
bromae^ Diplodia cajani and Macrophomina phaseoli, 

'rABLK 2 

Showing the average dry weight in m.gs, of four fungi on different carbon sources 


Carbon sources 

Botryodiplo- 
dia sp. 

B. theobro- 
mac 

Diplodia 

cajani 

Macrophomim 

phaseoli 

L L-Arabinose 

43 

12 

36 

U) 

2. D-Xylose 

4 

4 

9 

5 

3. Glucose 

19 

13 

13 

25 

4 Mannose 

24 

G 

10 

35 

5. Sucrose 

31 

23 

13 

25 

6. Maltose 

30 

25 

11 

36 

7, Starch 

IG 

11 

13 

25 

8. Dextrin 

35 

18 

17 

33 

9. Mannitol 

11 

4 

12 

6 

10. Sorbitol 

33 

18 

16 

16 

1 1 . Glycerol 

12 

_ 

5 

24 

12. Malic acid 

6 

- 

3 

10 

13. Tartaric acid 

6 

3 

20 

3 

14. Control 

- 

- 

- 

4 

Average 

19-309 

9-71 

12-71 

18-35 


For statistical calculations the results of an individual organism on diilorcnt 
sources of carbon were compared, 

Summary of dry weight results and conclusions at 1% level of P for 
Botryodiplodia sp. 

Treatments Highly significant 

Replicates Non-signilicant 

S. E. 0-532 

G. D. at \% level ±2*087 

Dry weight results : 

Nos. : 1\8 10’56\4\3\7\ l! 9\ 

Dry weight in mgs. 43 / 35 33 31 30 / 24 /" 19 / 16 / 12 11/ 

• I 

12 13 2 \ 14 

6 6 4 /0 

, . j I 
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. Sudmary dUry weight results and conclusions at l“/otWl of P for Botno'^i- 
plodta theobromae. 

Treatments Highly significant 

Replicates Non-significant 

S. R 0-51 

G. D: at i% level ±1*993 

Dry weight i^esults : 

~i i' I 

Nos. 6\5\10 8\3 1V7\4\ 

Dry weight in mgs, 25 / 23 /18 18/13 12 / 11 / 6 / 

I 1 I I 

9 2 12 \ ll 12 14 

4 4 3/0 0 0 

Summary , of dry weight results and conclusions at 1% level of P for DiUodia 
cajahi. ■* 

Treatments Highly significant 

Replicates Non-significant 

S. E. 0-339 

■ G. D. at 1% level ± 1-563 

Dry weight results : 

1 T ■! ^1 I i 

Nos. 1 \ 13 \ 8 10 \ 7 3 5 9 6 4 

Dry weight in mgs. 36 / 20 / 17 16 / 13 13 13 12 11 10 


2 \ 11 \ 12 \ 14 
9 / 5 / 3 / 0 

! 

Summary of dry weight results and conclusions at 1% level of P for Macro- 
homina phaseoli. 

Treatments Highly significant 

Replicates Non-significant 

S. E. 0-408 

G. D. at 1% level ± 1*598 

Dry weight results : 

Nos. 6 4 \ 8 \ 5 3 7 11 \ 10 \ 1 12\ 

Dry weight in mgs. 36 35 / 33 / 25 '25 25 24 / 16 /lO 10 / 



1. I 
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A careful review of the table 2 shows that except for BolryodipUdia theobroinde 
which could not utilize glycerol and malic acid for its growtii, all other fungi 
could grow on all the sources used in the present investigation. None of these 
fungi showed any growth on carbon free media excepting Mamphomina phaseoli 
which showed negligible growth on it. 

Amongst the pentoses, arabinosc proved to be a good source for liohyodiplodia 
sp., Botryodiplodia theobromae and Diplodia cajaiii, while for Mamphomina phaseoli it 
was a poor source. Xylose, on tlic other hand, was a poor source for tlte growth 
of all the organisms studied. Out of the two hexoses, dextrose supported good 
growth of Botryodiplodia theobromae and Macraphornina phaseoli. b’or tin; rest of the 
fungi it was only a mediocre source. Mannose proved to be good for the growth 
oi Botryodiplodia o.'p. ixnd Mamphomina phaseoli ixnA Iqv t\\(e rest of the fungi it was 
a poor source. 

The disaccharides, viK., sucrose and maltose supported good growth of Bolryodi- 
plodia sp., Botryodiplodia theobromae and Mamphomina phaseoli while for Diplodia caiani 
they were mediocre sources. 

Soluble starch was a good source for the growth of Mamphomina phaseoli 
mediocre for Botryodiplodia theobromae and Diplodia cajani and poor for Botryodiplodia 
sp. Dextrin, on the other hand, supported good growth of all the four fungi studied. 

Of the three sugar alcohols tried, glycerol proved to lie a good source for the 
growth of Macrophomina phaseoli but was a poor source for the rest. Sorbitol was a 
good source for the growth of all the organisms except Macrophomina phaseoli which 
utilized it poorly. Mannitol was a poor source for all the fungi studied excent 
Diplodia cajani for which it was a mediocre source. * 

All the organic acids tried in the present investigation vk., malic acid and, 
tartaric acid, supported poor growth of these organisms except Diplodia cajani 
where tartaric acid proved to be a good source. 

(«) Sulphur requirements : 

The dry weight results of Botryodiplodia sp., Botryodiplodia theobromae, Diplodia 
cajani and Macrophomina phaseoli, obtained on dilFerent sulphur sources, are presented 
in table 3. ■ » . i .. . . 


TABLE 3 

Dry weight in mgs. 


Sulphur compounds » / ' j. 

^ , Botryodiplodia 


sp. 

L Potassium sulphate 

3.5 

2. Sodium sulphite 

— , 

3. Sodium hyposulphite 


4, Sodium thiosulphate 

41 

5. Sodium bisulphite 

— 

6. Cystine 

-r. 

1, Thio-urea 

33 

8. Methionine 

40 

9. Control 


(No sulphur) 


Average 

37-25 


B* theo- 

Diplodia 

Macrophomina 

bromae 

cajani 

phaseoli 

30 

39 

40 

— 

41 


34 

35 

40 

33 

32 

29 

9 

38 

42 


24 

39 

36 

35 

41 

15 

18 

23 

20-46 

29-11 

28-22 
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For statistical analysis the results of an individual organism on difFereni 
sources of sulphur were compared. 

Summary of the dry weight results and conclusions at 1% level of P for 
Botyyodiplodia sp. 

Treatments Highly significant 

Replicates Non-significant 

S. E. 0-251 

G. D. at l%level ±1*033 

Dry weight results ; 

T T ^ I "T 

Nos. 4 8\1\7\ 2 356 9 

Dry weight in mgs. 41 40 35 / 33/ 0 0 0 0 0 

Summary of the dry weight results and conclusions at 1 % level of P for 
Boiryodiplodia theobromae. 

Treatments Highly significant 

Replicates Non-significant 

S. E. 0*482 

0. D. at 1% level ±1*985 

Dry. weight ‘results ; 

1 ' I 1 T 

Nos. .8\ 3 4\1\7\9\5\2 6 

Dry wt. in mgs. 36 / 34 33 / 30 / 27 / 15 / 9 / 0 0 

Summaiy of tlie dry weight results and conclusions atl% level of P for 
Deplodia cajani. 

Treatments Highly significant 

Replicates Non-significant 

S. E. 0*618 

G. D. at 1% level ±2*516 

Dry weight results : 

Nos. 2 1 5\'3 8\4\7\9\6 

Dry weight in mgs. 41 39 38 / 35 35 / 32 / 24 / 18 / 0 

I I 

Summary of the dry weight results and conclusions at -1% level of P for 
Macrophomina phaseoli. 

Treatments Highly significant 

Replicates Non-significant 

S. E. * 0*47 

GvD.at l%leYel ±1*935 
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Dry weight results : 

1 I I ^ 1 ”^ i 

Nos. 5 8 1 3 7 \ 4 \ 9 \ 2 G 

Dry 'v\ eight in mgs. 42 41 40 40 39 / 29 / 23 0 o 

A critical examination of the ihv>n:i presented in table 3 reveals lliat 
potassium sulphate was a good source for all the fungi except Jkiryodij>lodia for 
which it was a poor source. Sodium hyposulphite did not support any growth 
of Botrpdiplodia sp., but for the rest it was a good source. Sodium sulphite, which 
was a good source for the growth of Diplodia cajani, did not support any growth foi 
the rest of the organisms in the present study. Sodium bisulpliite ])rovecl to he a 
good source for the growth of Diplodia cajani and Mampdiomina phaseoli^ poor for 
Bolryodiplodia iheobmnae but did not support the growth of Ikdryodiphdia sp. Sodium 
thiosulphate was a good source for nil the fungi tested, h'or Mneropimmina phaseoli 
it was more than average. 

Of the three organic sources triexl cystine did not su]>pov( any growth of any 
of the fungi under investigation. On tlie otlu r hand methionine proved to be a 
good source for all of these fungi, Thio-uvcusupportetlgoodgrowthofBorljjftc/i- 
plodia iheobromae mdi MacYQphomina phaseoli h\M for Botryodiplodia sp.^ mul Diplodia 
cajani it was a poor source. 

Except for Botryodiplodia sp, all other fungi grew in conlrob although poorly. 

DISCUSSION 

Growth of a fungus is possible only within a ceituin range of temperature 
which differs with different fungi. The minimum temperature for the growili of 
most of the fungi lies between to 5^0, though there arc sevtaal fungi vvliosc 
minimum temperature is much higher. Ames (1915) working witli 
roseum and Tisdale (1917) with Fusarium Uni reported that the minimum temperature 
for the growth of their organisms was 9^X1 and lO'^G respcclively. All tlie fungi 
used in the present study have a minimum temperature between U)‘‘C and 15^Cb 
Raychaudhuri (1942) found that Diplodia cajani could not grow at 15'X1 or below it. 

The^ optimum temperature (30^C) of present organisms is in accord with that 
of Diplodia naialensis (Fawcett, 1921) Piricularia sp, (RamakrislmaUj 1940) and 
Fusarium oxysporum and F. radicicola (Edsoix and Sluipolov, 1920). 

The maximum temperature for Diplodia ccijani in the present study is diHercnt 
from that reported by Raychaudhuri (1942)"for the same species. 'Jliis may be 
due to difference in strains employed in the two studies. According to Lilly and 
Barnett (195), p. 33), both the temperature and the medium on which tluj 
organisms are grown prove to be of great importance in the determhuUion of 
growth. 

Lilly and Barnett (1951, p. 28) ibtnid that the growth of Aspergillus riiguloms 
was not constant when it was grown under constant conditions* These authors 
believed that 2 factors were mainly responsible for the nomuniforrn growth of 
many organisms ; (1) the change in concentrations of nutrients due to diffusion and 
utilization and (2) the excretion of inhibitory matabolic products into the medium. 
Moreover, according to these authors, the same fungus may have a constant rate 
pf growth at one temperature and not at other. The above statements were con- 
firmed by the results obtained in the present studies because none of the four fungi 
grew cpn^stantly under constant conditions. >. a 
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.es Ik ' t'f ^ P™ve that .U tha fungi 

arabinose supported good growth of^m n present studies whereas 

all of them AlfhnnA S^o^th of majonty of fung], xylose was a poor source for 

and Bharga’va (1945) fouiuf penS^To be o'? f ttf “ f 

• used by them, the rS s ^f °' iL° ^ growth of fungi 

pentoses are not valueless as regards theh utiff conclusion that all 

utilization of arabinose over^winu^ ■ ritihzation by fungi. The preferential 
tions made by Tamiya (1932') on ° observa- 

Evdocovidiophom adiposl, and Barnett (1953) on 

Bilgrami (1956) on PAW/orhffi/? ’ n fiucHcula and Sphaeropsis malorum, 
Kumar (1962) on some species of Peslalotia mangiferae and 

for the growth of^all*^tIie°^nin hexoses, did not prove to be of the same value 
have the same configuratintf investigation, although these compounds 

is utilized b^more P' write that glucose 
source. The behnvimir nf /? •/ " sugai and is nearly a universal carbon 

studies is similar to tint Macrophomina phaseoli, in the present 

1953), Curvulalia me {V^oM 

Pestalotia mangiferae (Bilgran-n 195 fb fn,- fi ^ P^loslida cycadua, P. artocarpina and 
However u favourable utilization of mannose, 

studied by Horr (1936'i^ Pin eajani resembled other organisms 

resp„„,eT„„"liS„“3- ““ <'“» " P»' 

Botryodi^lodiasn^^ favourable utilization of sucrose and maltose by 

obtained bv HeVrirP phaseoli are in accord with those 

BBgram] (I956?aml pi' ^antino (1949), Wolf (1953), 

J^tigrami (1956) and Raizada (1957) for different fungi studied by these authors. 

general are^^nsolu^^le^ polysaccharides, in 

tances by fungi depend unon '(^^°^‘?^lly soluble. The utilization of these subs- 
Thus oiffy those fungi wlnVP of the necessary hydrolytic enzymes, 

enzymatic hydrolysfs of to utilize starch. The 

Starch dextrin d mnuL. a^ n ^ ^Pi'osented schematically as follows ; 
good growth of present studies starch supported 

of Botryoditlodia sd On rl ” moderate of Bolryodiplodia theabromae and poor 

goodZmh rfis In^^ organisms of present study showed 

is phfbablv dJ to SlyP^^^ of starch, 

next hydrolytic product? hytlrolysing starch to its . 

duction of D-g°ucose^^nnd'fl alcohols, e.g., D-sorbitol arises by the re- 

It has been obser ved (Per^mT by the reduction of D-fructose or D -mannose, 

fungL with Renerallv wHn ’ Mehrotraj 1951 and Fergus, 1952) that many 

majority of fungi of nrf>c;i»v.i • Bhe poor utilization of mannitol by the 

a good source for ^tbe confirm the above statement. Sorbitol, 

redution product of gbu^^p'^ ^ °f the organisms under investigation, is a 

Cochrane (1958 thaf Z /"‘iv well utilized.. It htis been stated by 

fungi. Thus the poor utii;./n^^'^^^f glycerol appears to be .specific in the 
mae and Diplodia i°'^ by sp., B. theobro- 

(1926) Tamiva (1932^ n organisms studied by Tochinai 
however, resembled ’ in ttnd Agarwala (1955). Macrophomina phaseoli 

, resembled, m its behaviour of favourable utilization of this compound 
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with Collelolrickiwi pkmoides (Kcnichiclc and Walker, 1940) Mmnmielk cckinulatn 
(Pcrlniau, 1948) and Ulomjwrium mnsariim (Chanvah 1954). 

The statement of Ia4)en and Kietl (1948) that organic acids are poor sources 
of carbon for the growth of itifgunlis lincls further sup|)ort from the present 

study whore the organic acids are generally poor sourcCwS, 'fhe results^ rc^irding 
the favourable utilization of tartaric acid b)' Diplodia cajani are in conlirnnly with 
those obtained by Beckman el al. (195)3) and Agarwal (1955). 

It has been shown by Steinberg (193(>), Banter aitd Cantiuo (1952) and 
Huugato a,nd Maimell (1952) that at moderate carbohydrate coiiceutrattous tlie 
sulphur requirements of most of fungi is about 04)001 -- 0*.)001) M. ^ As a large part 
of this much amount of sulphur is generally present as impuriii(*S (Wen in pure 

chemicals growth of tlie fungi is generally observed in sulphur Iree media, as ns tltc 
case in the present study. 

According to the Lilly and Barnett (1951, p. 92) sulpliate sulphur is lUOsL 
common source of sulphur used in the media. This source was favourably tutlizeci 
by most of the present fungi and tlius they lend further support to tlie results 
obtained by Armstrong (I92l), Mosher ct al (1930), 'J’andon (II jO) and AgarwtUa 
(1955). The results of good growth of the prescYiit organisms, execqu 
Iheobromae on bisulphite sulphur (given in the form of sodium bisulpiute), arc in 
accord with those of Agarwala (1955) and similarly the results of present lungi excep t 
Diplodia cajani in the poor utilization of sodium sulphite agree with those obtaiucu 
by Bhargava (1945) for fungi studied by him. The bcdiaviour of the two exceptions, 
cited above, can be compared with those studied by '.raudou (1950) and Apirwala 
(1955) respectively, Further, both sulphite and bisulphite were found to be toxic 
for Boiryodiplodia theobmnae ; while the former did not support any growth tlus 

organism, the latter, acting as a toxin, gave growth event less than that obUuneti^ 

on the control. These results agree witli those obtained by Sleiulau'g (1J41} ior 
Aspergillus niger. 


Majority of the fungi in the present investigations could be tdassod wjtli 
Bmilegina gracilis (Bhargava, 1945) for favotmable utilization of sodium hyi^osuipnite. 
In the utilization of sodium thiosulphate all the species except Macroplmimapnascolt 
resembled with the fungi investigated by Steinberg (1941), Bhargava (.19 K>) Kieiiroira 
(1949), Saksena el al, (1952) and Agarwala (1955), who reporliul good growth oi tuen 
respective fungi on this source. 

Lilly and Barnett (1951, p. 92) state that amongst the orgatvic compounds 
structure is enormously important and the specific structure of orgamc suipnui 
compounds effects utilization. Of the three organic compounds uscu lu ino 
study, cystine did not support any growth of any of the fungi tptccl. Un tnc 
other hand, methionine was a good source for all of them. ^ Accorcuug to rnuon 
and Simmonds (1958) methionine is an indispcusalile atniuo acid lor all amrucUs 
that have been investigated, while cystine and cysteine are dispensalue, us uie 
sulphur of methjonine can be used in the biosynthesis of cystine. Smularly r'img 
and Horowitz (1951) found that Meurospora can convert methionine to cystine. 
It is presumed here that cystine is dispensable for the growth of present ovgamsms, 
Good growth shown by iheobromae and MacrophoniiM phascoli on 

medium containing thio-urea indicated that these fungi could make 
sulphur attached to the carbon and as such these fungi resembled with / 
notatum (Challenger and Liu, 1950) and Phyiophiora caclonm 
However, in the poor utilization of this compound, Botryodiplodta sp. 

resembled with fungi studied by Steinberg (1941), . Agarwala (iJoo) and 
Bilgrami (1956). 
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summary 


I'lie etfect of temperature and different carbon and sulphur sources on tlie 
growth of four members of Sphaeropsjdales, dlz.^ Botryodiplodia sp., B, theobromaey D, 
cajani and M. phaseoli was noted. The minimum temperature was between lO^G 
and 15^G while the optimum temperature was 30^G. The upper limit of tempe- 
rature range was 40°G for Botryodiplodia sp. and B, tjieobromae and 45°G and 50^0 for 
Macrophomina phaseoli and Diplodia cajani respectively. The rate of growth of these 
organisms increased with the rise of temperature till 30°G, None of the present fungi 
showed a constant rate of growth under constant conditions. 

Amongst the pentoses (carbon sources) arabinose was preferentially utilized 
over xylose. Of the hexoses dextrose was good source for Botryodiplodia theobromae 
and Macrophomina phaseoli while mannose was good for Botryodiplodia sp. and 
Macrophomina phaseoli. For the rest of the organisms dextrose was moderate and 
mannose was a poor source of carbon. The disaccharides — sucrose and maltose — 
were good sources for most of the organisms studied. Of the two polysaccharides 
dextrin was good for all the present fungi while starch vaided from good to poor 
for different fungi investigated. Sorbitol was good for the growth of majority of the 
fungi but mannitol and glycerol were poor sources for most of them. Except tor 
Dijflodia cajani which grew well on tartaric acid, none of the present fungi showed 
any liking either for malic or tartaric acid. 

Out of the inorganic sulphur sources tried potassium sulphate and sodium 
hyposulphite were good sources for all the fungi except Botryodiplodia sp., but sodium 
sulphite was good only for Diplodia cajani. Sodium thio-sulphate supported good 
growth ol majority of pi'esent oi'ganisms. However, sodium bisulphite proved to be 
good for Diplodia cajani and Macrophomina phaseoli only. Amongst the prganic 
sulphur compounds cystine did not support any growth of these fungi, thio-urea 
was a poor source for Botryodiplodia sp. and Diplodia cajani and methionine was’ 
good for all of them. 
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two NEW StEOlES OE ttlE GENUS DtESJNO, W5() 

(TREMATODA : DIELOSTOMIDAE POIRIER, 1886) FROM THEV 
INDIAN SNAKE BIRD AWlIl^GA MELAJ^OCASTER PENNANT . 

By 

R. K. MKIIRA 

Zoology Department, Allahabad University 
[Rtrccivcd on 22 ikI ScpKunbor, UKJI J ■ * 

\ 

Tylodelphys darteri^ n, sp. 

The two ispecics/ of ircmalodcs described in this paper were obtained from 
the small intestjine of itommon snake-bird Anhini,d melanogaakr Pennant, 171)9. The 
birds were either shot or caught in the subarbs of AUahabach A munber ol 
specimens oiT^darteri^n. sp., were obtained bom oiily one out of about twenty 
birds examined. 

The living distpme in salt solution is white in colour and shows slow move- 
ments of conti'at tion and expansion. The mature worm is 1*82-2^2 m.m. in length 
and 0’/i--0‘99 m,m. in maximum breadth in tlic region of the' holdfast organ, It is 
indistinctly div ded into flattened, moxx on less pear shaped aatepi or body and 
conical postericr body. The anterior body witli a concavity on the ventral 
surface contains all the adhesive organs and measures 0’99-*P25 man, in length 
and 0^735-0*945 m.m. in maximum breadth. The conical hind body is smaller than 
the forebody measuring 0-87-1T3 man. in length and 0’615-0'72 nk4m. in maximum 
breadth which obcurs in the region of the anterior testis. The anterior end of the 
fore-body is slightly trilobed, the median lobe being slightly proiruded and bears 
the oval oral Jucker measuring 0*066-0*082 m.m. in longitudinajl and 0*089-0*099 
man, in transverse axis. The side lobes form the two flanksj each having a 
pseudo-sucker wlvch extends a little in front of the middle of oral sucker, aniiu’i- 
orly and a little -behind the long axis of pharynx posteriorly. Pscudosuckers 
measure 0*125-0*175 m.m. in length and 0*05-0*1 m.m. in maximum breadth. 

A prepharynx is absent. The pharynx, which directly follows the. oral 
sucker-, is not very muscular and measures 0*079-0’082 m.m. in length and 
0*056-0*066 m,m. in breadth. The Oesophagus is very small, 0‘083'm.m. in maximum 
length and 0*026 m.m. in maximum breadth, and it bifurcates into the intestinal 
caeca at 0 228 m.m. behind the anterior extremity of the body. The narrow 
intestinal caeca, 10-19 g in width, run laterally 0*0363-0*0693 m.m. away from the 
ventral sucker, pass very close to the holdfast organ and arc covered dorsally by 
the vitelline follicles. Due to the crowding of the genitalia it is rather diflicult to 
pursue the course of the caeca posteriorly beyond the holdfast organ. The ventral 
sucker, as in all the other known species of the genus, is smaller than the oral 
sucker, transversely elongated, measuring 0*066-0*073 m.m. in length and 
0*089-0*109 m.m, in breadth and lying ()‘54-0*6 m m. behind the aiUci'ior cud of 
the body. The almond shaped holdfast organ with a narrow longitudinal slit 
and situated 0*066-0*075 m.m. behind the hinder margin of the ventral sucker is 
always elongated. It measures' 0*24-0*33 m.m. in length and 0*199-0*294 m.m. in 
breadth. 
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The testis as usual are post ovarian, tandem, lie very close to each other, 
filling almost the entire width of the hind body. They are separated from each 
other in the middle by a maximum distance of 0*66 m.m. They are almost symme- 
trical in shape and are broader than long. The anterior testis, with a ventral, 
concavity, measures 0*195-0*24 ni*m. longitudinally and 0*555-0*645 m.m. trans- 
versally. The posterior testis almost of similar shape as the anterior, measures 
0*345-0*48 m.m. in length and 0*465-0*525 m.m, in width and it lies 0*248-0*33 m.m. 
distance in front of the pasterinr extremity of the body. The large vesicula 
seminalis situated very near the posterior testis is coiled and passes terminally 
into the narrow ductus ejacuiatorious. The latter unites with the terminal part of 
the uterus to form the hermaphroditic canal which runs through the well develeped 
muscular genital cone inside the bursa-copulatrix. 

The ovary is situated on the left side dorsally at the junction of the anterior 
and posterior body with its major portion in the former body part. It is pear 
sJiaped, placed obliquely, with its rounded posterior end very near the anterior 
testis and the pointed anterior end reaching the middle of the body, close behind 
the holdfast organ. The ovary measures 0 125-0*165 m.m, in length and 0*182-0*2 
m.m. in width. The oviduct arises ..from the antero-ventral side of the ovary, 
proceeds backwards and in between the two testes in the median region forms the 
ootype where it is surrounded by the shell gland mass ventrally and covered by 
yolk reservoir ^dorsally. The uterus at first runs forward to the left side upto the 
holdfast ojgan, i.^., for some distance even in the fore-body^ finally af^ter making 
a loop it turns back as a straight median tube to open into the genital cone. The 
genital cone is quite large and it almost fills the genital' atrium or bursa- 
copulatrix.: There is no body constriction separating the genital atrium. The 
genital opening is dorsally situated, 0*033-0*066 m.m. in front of the posterior 
extremity. 

The vitellaria consisting of numerous pear-shaped follicle? extend from 
a little in front of the ventral sucker forming four distinct bands two on each 
side of the body. The vitelline bands unite in the hind body just before the 
anterior^^tjcstis and form a median ribbon in the testicular region which again 
divides Ig^hind the posterior testis and the tv/o vitelline bands run laterally to 
surround the vesicula seminalis but leave the bursa .copulatrix uncovered. The 
vitelline follicles are more numerous in the anterior body, surround the holdfast 
organ partly overlapping it and get mixed up with the adhesive gland which is 
situated y^ithin the latter organ marginally. The yolk reservoir lies median in 
between the two testes. The number of ova in . the uterus does not exceed five 
and each ovum measures 94X56/* in size* 

DISCUSSION 

Tylodelphys darteri, n. sp. resembles the other species of the genus in having 
the body indistinctly divided in two parts, trilobed anterior body end having 
oral sucker in the central lobe and pseudosuckers on the side lobes, hold-fast 
organ of ovoid shape, topography of the genital organs, presence of bursa 
copulatrix and in the position of the genital opening. Jt differs from all of them 
in the general shape of the body and the size of the testes which are larger than 
those in the known species. In general shape .of the body the new species comes 
very close to Tylodelphys awericana Dubois, U37 but it differs from it in the absence 
0 f prepharynx, size and shape of the holdfast organ, extent and distribution of 
vitellaria and absence of body constidction limiting the extension of the bursa 
copulatrix. The new species aljo differs in the mejasurepieiits of its va-riou? organs 
from (h-r.cricana, 

• -i 
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Fig. 1. Ventral view of Tylodelphys darUti n. sp« 

KEY TO LETTERING USED IN FIGURES 

A, acetabulum ; AG, adhesive gland ; AT, anterior testis; BG, bursa copulairix ; GP, genital 
pore ; HO, holdfast organ ; IC, intestinal caecum ; OS, oral sucker ; OV, ovary ; PI I, pharynjt ; PT, 
posterior testis; PS, pseudo-sucker; UT, uterus; VI, vitellaria; VS, vcsicula scrninalis ; YU, yolk reservoir 







Tylodephys datteri, n. sp., dijOrcrs from T. clavata Diesing, 1850 in the size and 
shape of the body and the size of various internal organs, the latter being very 
small in size. In new species the prepharynx is absent while in clavata it is 
present though small in size. Tltc distribution of vitellarid in the fore-body is 
quite similar, but in the posterior body behind the testis, the two bands do not 
surround the vesicula seminalis as in the new species. 

The Indiatii specie's is altogether different from T. eonifera Dubois, 1937 being 
much larger in size, difference in shape of the body and sizes of various internal 
organs. The shape of the holdfast organ and the extent of vitellaria are so much 
different that the two species can be immediately separated at a glance. Tylodel- 
phys darteri, n. sp. comes much closer to T. excavuta Szidat, 1935 than any other 
known species. It resembles excavata in size of the body and of the various other 
internal organs, shape of the holdfast organ, absence of prepharynx and body cons- 
triction which separates the bursa copulatrix and limits its extent. Bxitthenew 
species differs from the old one in the shape of the body, extent and distribution of 
vitellaria in the fore-body and in the size of testes which arc larger in darUri than 
in excavata. 

Host : Ankinga melamgasUr Pennant, 1769. 

Plabitat : SmaM intestine. 

Locality : Allahabad, India. 

V. 

Tylodelphys Indiana n, sp. 

Several specimens of this species were obtained from the small intestine ol 
an India4 darter AmUnga melanogasUr caught at Hmipur near Allahabad , In the 
living condition the distomes are white in colour and show movements similar to 
the preceding spccie.s. As the worms are very small in size and slack in their 
movements, they were c ollectcd after great search. 

The sexually mature worms measure 0*95-l"08 m\m, in lengUi and have the 
body indistinctly divided into two parts.. The tongue shaped fore-body, 0*55-0*6 
m.m. in length and 0*45 m,Tn, in maximum breadth in its posterior region, has the 
cuticle armed with very minute backwardly directed spines. The spities are so 
small that they give the body surface a serrated appearance under higher nnigni- 
fications. The conical hind body is shorter both in length and breadth than the 
fore-body, measures 0*395~0*45 m.m, in length and 0*4-0*45 m.m. in maximum 
breadth in the region of the anterior testis. The ratio between the length of the 
fore-body and the hind body is approximately 4 : 3, The anterior end of the 
body is clearly trilobed, the middle lobe is anterior^ somewhat protruded and 
bears the rounded oral sucker 0'0825-0*1 m.m, in diameter ; the two side lobes 
bearing the pi^eudosuckers, one on each side form the two flanks. The well 
developed muscular pseudosuckers begin behind the anterior one fourth oC tltc oral 
sucker, extend a little behind the pharynx and measure 0*1-0*109 m.m. in length 
and 0*076-0*0825 m.m. in breadth. Prepharynx is absent, The oral sucker is 
immediately followed by the musuclar pharynx which is smaller in size than the 
oral sucker, oval in shape, measuring 0*07-0*073 m.m. in length and 0*0396-0*042 
m.m. in maximum breadth. The Oesophagus is very small 0*0165-0*0231 m.m. in 
length and it bifurcates into the intestinal caeca which arc quite narrow, measur- 
ing 0*007-0*0132 m.m. in width, The intestinal caeca are seen only in the 
fore-body, they run laterally very near outside the ventral sucker 0*0231-0*0363 m.m. 
away from it and nearly touching the holdfast organ. The transversely elongated 
oval ventral sucker lies 0*3152-3*36 m.m. behind the anterior end very close to 
or nearly touching the holdfast organ and measures 0*0462-0*0495 m.m. in length 
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and 0‘l-0i09 m.m. in niaximum breadth. The holdfast organ is longitudinally 
oval with a narrow irregular median slit, situated close behind the ventral sucker’; 
and a little in front of the posterior margin of the fore-body, measuring 0’J98 -t 0’2]>I5 . 
m.m. in length and 0-l32-0‘148 m,m. in maximum breadth. The adhesive gland 
forms a dorsal central mass on the holdfast organ. 

The testes are tandem, post-ovarian, broader than long, occupying almost 
the entire width of the hind-body. The horse-shoe shaped anterior testis is always 
symmetrical with the media9 concavity in the narrow middle , measures 
0-066--0T29 m.m, in length' in tl^e lateral extremities, 0*O33r0’Q4 length- in 

the middle narrow portion and 0*345-0*375 m.m. in breadth. The asymmetrical 
posterior testis situated 0*0495-0*0629 m.m, behind the anterior testis is also curved 
vyitli a median concavity. Its rigfit measuring 0*1 32^0*245^^1 4 §. louch 

longer than the left one which rpeasures 0*076-0*0825 m.m., in length and the 
breadth of the entire posterior testis is 0*315-0*345 m.m. ' ' 

The ovary is dorsally situated on the left side at the and 

hind body, a little behind the holdfast organ and slightly overlapping 'the anterior 
testis. It is transversely elongated, elliptical or tdangular fn ^fcapp measuring 
0*0726-0*08 m.m. in length and 01 15-0*122 m.m. in breadth. The oviduct ^^rises 
from the inner margin of the anterior side of the bvary, runs posteriorly in the 
median region in between the two testes to join .the shell glJtod complex. The 
uterus runs forwards upto the anterior margin, of the, ovary, , and. then turns back- 
wards more or, less as a straight tube towards the genital a . Jt contains 
only one or two yellow ova measuring 0 0825 m.m. , in length and fi^O;5^8 m.m. in 
maximum breadth. The large coiled vesicula seminalis occupies most of The 
space between the posterior testis and the genital atrium. The'ducfu^ejacula- 
torious being very small is not clearly seen; it meets the uterus -^which after 
foiming a' genital cone opens into the bursa copuiatnx The Aorsally situated 
bursa copulatrix is not limited by a body constriction . and it Through the 

genital opening lying 0*0264 m.m. in front of the hinder end of the b^dy. 

Numerous vitelline follicles of irregular shape are strongly dev^lopnd in the 
anterior body behind the posterior margin of the ventral sucker siijitrrpanding and 
overlapping the holdfast organ. In the hinder body the viteliKi^ glides are 
present only in the anterior region in front of the anterior Tesjjis. The yolk 
reservoir, partly overlapping the posterior testis dorsally, lies :dlgt!tty to the 
right side. ^ , ■ 

DISCUSSION \ .. I 

Tylodelphjs ijidiam, n, sip. resembles the. other species pf the ,g#^s in the 
indistinct division of the body, trilobed anterior end with or^ sucker slightly 
protruding in the centre, shape of the hind body, shape of the hpldlast organ, 
presence of the bursa copulatrix 'and position of the genital pore. The new species 
differs from all of them in the anterior limit of vitellaria -which do not Me even in 
the region of acetabulum and in having an asymmetrical p-Q^terior -tfestifi. 

T. indiana comes closer to T. clavata Diesing, 1850 and F. Dubois, 
1937 in body size, though it is slightly bigger than in the latter species. The new 
species differs from both of them in the absence of prepharynx, posterior extension 
of thc .vitellaria, in size of various internal organs and in having ova. of smaller 
size. The shape of the holdfast organ of clavata and simitor but the 

distance between the ventral sucker and the former organ v.aries (in, the 
ventral sucker is nearly in contact with the holdfast organ .while in it is at 

-some distance)* In the . distance of holdfast organ from, the ventral, sucker the 
new species resembles conifera but the shape of the holdfast organ rsdifferent in 
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the two species. .Only in the absence of prepharynx Indiana resembles T.^pccavain 
Szidat, 1935 otherwise it i s. completely dilFcrcnt from it. 

Host : AnhingaTfielamgaster Pemuint, 1769. 

Habitat : Intestine. 

Locality ;Phulpur near Allahabad, India, 

The author*i's d'eeply grateful to Dr. 11, R. Mehra for his valuable advice and 
guidance in these studies. 
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, INTRODUCTION- {/ 

The *BeF {AegU marmelos Correa, Fam. Rutaceae) tree ocQurs chiefly in the 
Indo-Malayan region.' It grows wild in the sub-Himalayan tract, in central and 
south India and also in Burma, but is often cultivated all over India for its religi- 
ous and several beneficial medicinal properties, especially as curative for diarrhoea 
and dysentery. The tree flowers during May to July and the fruits start ripening 
by December but remain on the, tree till as late as the next flowering season. 

A hitherto unreported dry-rot disease of the ‘Bel’ fruits involving the decay 
of internal portion, was observed by Dr, S. N. Das Gupta in stored fruits. Later 
a number of fresh ‘Bel’ fruits of different stages of maturity were collected from 
the tree, brought to the laboratory, cut open and the tissues examined micros- 
copically. These fruits apparently did not show any disease symptom, although 
in a number of cases hyphae were seen in a state of dormancy. These fungal 
hyphae, chiefly present in the epicarp and the outer *mesocarp tissues, were 
subsequently cultured on artificial media.* 

These fresh fruits, ^when kept in storage for a few days, and those which were 
obtained from dififereht places of storage, exhibit the characteristic dry-rot symptoms 
internally (Plate, Figs. 1-3)* The fungi associated with the disease were, therefore, 
isolated from fruits (i) obtained directly ftpiti the market ajad (ti) of different sizes 
(l‘5"-4*5" diameter) plucked from the trees, which were surface sterilised, wrapped 
in alcohol swabbed packing paper and stored for 4-5 days. The fruits, on cutting, 
exhibited different stages of decay in the; pulp and the affected tissues from the 
different regions were transferred to sterilised Brovin’s agar medium. The 
disease symptoms and the fungi appearing in both the sets of fruits were practically 
of the same type. ^ A more comprehensive investigation was then undertaken with 
fruits belonging to the second category and the results of pathogen isolation are 
summarised in table 1. 


TABLE I 

Fungi obtained from incubated ‘Bel’ fruits of different stages, of maturity 


Number 

of 

fruits 

incubated 

Appr'oximate 
djametet of ' 
fruits 

(in iriches) ' 

Number of fruits showing the ‘rot’ due 
to 

Eotrytis Aspergillus Aspergillus A, niger’\- 
cinerea nidulans niger B, cine/ea 

Number 

of 

healthy 

fruits 

20 

1*5-2*^ 

10 

0 

0 

0 

10 

20 

2*5-3-0 .. 

8 

1 

1 

0 

10 

20 

3-04‘5 

1 

2 

6 

- 2 

9 

20 


5 

0 

1 

12 

2 

20 

S5 

6 

2 

4 

0 

8 



Fig. I, Young ^Bel* fruits split open to show the advanced stage of dry-rot due to Bo^ryiis cimna* Ihe oiUei . 
skin is markedly wrinkled while the inside shows the proh sc white mycelial growth on d^e 
Fig. 2 Young ‘Bel* fruits split open longitudinally to show, (a) the spread of the white mycelium of 
B. cincrea all over the pulp ‘involving seed cavities, but the seeds remain unaffected \ (b) dm. developing 
mycelium of from the stalk end region of the ‘Bel* fruits in early stages of infection. 

Fig. 3. Diagram of the half hard shelled mature ‘Bel’ fruit showing early stage of the *black-rot due to 
development of Aspergillus ntger from the stalk end region, gradually spreading over the pulp. At this 
stage the white mycelium of B, cinerea is quite distinct covering nearly half of the tissue towards right. 


Three fungi cimua Pers. ex Fr., ' Aspergillus van Tiegham 

SitiA A^pM^^ltUs m (Eidam) Wint. have been obtained in this way. While the 
asp'^i^iMi RdV’fe bee^ isolated from the older fruits collected during October to 
'May, B. ^UMfea has been found exclusively in young fruits. Of the aspergilli, 

A, Wig&r % iSiBfe common than A. nidulans. These may be present separately or one 
of th^em, A. 'Wf^er may be found associated with B. cinerea as well. A. nidutans and 

B. cinerea have never been observed occuiTing together. 

This, thus, clearly indicates that the disease is a case of latept^ipfection in 
which 'the fungal hyphae gain entry while the fruits are borne on the tree and 
exhibit the disease only in storage, 

SYMPTOMATOLOGY 

Depending upon the pulp colour developing in the late stages p{ the dryrfot 
disease of ‘BeP fruits kept in storage, the symptoms have accordingly been divided 
into three categories : 

(i) Red-rot : 

This disetee symptom is found in the fruits of all stages of maturity, but is 
exfclusiVeTy present in young soft, skinned fruits diameter) incubated and 

Stlidfed duifittg the period August to October. The healthy pulp at this stage* is 
fhterydlow biita^ the disease advances the ei:itire pulp changes to dark brick red. 
The p'^thogiil which has colourless mycelium, develops chiefly 

from the stsLlk end region of the fruits and later- spreads all over the tissue involv- 
ing the seed cavities but does not invade the seeds (Plate, Fig. 2). Both the 
hyphae and spores are hyaline and the characteristic brick red colour, from 'which 
th.&^ name of the disease is derived, is due to the physiological reaction of the 
pathogen with the host pulp. 

The soft pnlp eventually changes into a hard mass containing the „un con- 
sumed tissue, hyphal mass and spores. In the final stage the outer rind of the 
, so affected fruits becomes marked by several wrinkles and depressions on the 
general surface, although it bears the normal healthy green colour even at this 
sta^ (Plate, Fig. 1), 

(ti) Black-rot and 

[ill) Green-rot : 

These names are also derived from the colour of the diseased pulp at the 
final stage of the disease. The ^black-rot’ is more frequent than the ‘green-rot’. 
Both are found to develop in the hard shelled fruits (3*0"-4'5'' diameter) and not 
in younger stored fruits. The sequence of disease formation in both is the same. 

aiiQ inngi {Aspergillus niger and Aspergillus nidulans respectively), associated 
with'-these symptoms, also seem to develop from the stalk end region (Plate Fig. 3). 
These grow comparatively faster and quickly cover the entire golden yellow' fleshy 
pulp, Thb tissue gradually gets masked by a thick hyphal felt bearing tfle cjqnidial 
heads' ‘Of’the Infecting fungus. The pulp Is subsequently reduced to a;j;hrnttkien, 
mnsSy^wHi^h feced'es from the rind while the epicarp shell changes its healthy gjreeii, 
cOlolir td''dli]f'bt'own. Finally the pulp is completely consumed and the/e QpJy 
remains'-^a hyphah1)all ])cariug the conidial heads of the respective fungal patho^ 
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EXPERIMENTAL PRODUCTION OF DISFASF. 

All the three fungi, B. cinerect^ A* niger and A, nidulans isolated from the 
diseased fruits, were utilised to test their pathogenicity (a) on healthy plucked 
fruits under laboratory conditions and (i) on flowers and fruits borne on the tree* 
The inoculation methods employed were (i) placing the inoculum and (ii) spray- 
ing the spore suspension of the respective fungi on the uninjured and injured sur- 
faces. 

{a) Pathogenicily test under Laboratory Conditions : 

A number of fruits, at dljfferent stages of maturity were plucked from the 
trees with their stalks intact. After proper surface sterilisation these were inoctrlai- 
ed with the respective pathogen by placing the inoculum on the uninjured 
and the experimentally injured surfaces, stored in a glass cluunbcr <md examined 
half number from each set after 4 days and the rest after 10 days. lixccptiug 
where the infected pulp showed the presence of the inoculated fungus and the 
invasion of the tissue started from the point of inoculation, other diseased fruits 
were disregarded. The data arc summarised in the table. 2 

TABLE 2 

Experimental inoculation of fruits with various fungi 


Average 
diameter 
of fruits 
(in inches) 


P5-2-5 

and 

3-5-4-5 


1 -5-2*5 


3-5-4-5 


>9 


99 


Region Mode 

of of 

inoculation inoculation 


Stalk-end 

Without 

injury 

)9 

With 

injury 

removing the ^ ^ ^ 

stalk) 

„ With 

injury 

Epicarp 

Without 

injury 

59 

With 

injury 



Number 

Number 

Percentag 

Fungus 

of fruits 

of fruits 

of fruits 

inoculated 

ino" 

develop- 

develop- 


culated 

ing rot 

.ing rot 

'B. cinerea 

20 

8 

40 

* A, niger 

15 

0. 

0 

A* nidulans 

15 

0 

P 

B. cinerea 

15 

12. 

■ ■ 80 

■ A, niger 

15 

6 

■ , 40 . 

A> nidulans 

15 

5 

33 

f B. cinerea 

20 

0 

■ 0 

•1.41. niger 

. 25 

13 

52 

nidulans 

25 

11 

44 

B. cinerea 

15 

10 

67 

1 B. cinerea 

15 

0 . 

0 

• A* niger 

15 

3 

. . 20 

A, nidulans 

15 

0 

■ "(5 

B. cinerea 

20 

4 

■ 20 

• A. niger 

20 

■ 16 

80 

A. nidulnas 

20 

10 

'30 


All the, three fungi proved to be pathogenic. B. cinerea secures successful 
entry through the injured and uninjured stalk end region in fruits of all stages of 
maturity, but injury favours infection ; whereas the aspcrgilli carr only infect 
through the wounded stalk end of the young fruits and their usual point of infec- 
tion being the wounded stalk end depression. The injured epicarp considerably 
favours the entry of all the pathogens. 


[ 60 ] 



{b) Pathbgeriicity tests on Flowers and Young Fruits ‘in Vivo* ; , ■ , 

These experiments were commenced when the flowering had just initiated and 
were continued till the fruits had become 2-3 cm. in average length. Inoculation 
was done by (i) spraying the spores and (ti) putting the inoculum. ^ The experi- 
mentally infected fruits and flowers were collected from the tree after 10 days and 
brought to the laboratory. Some of these were examined microscopically but no 
change was visible internally, while others were utilised to see if^i) the disease 
symptoms developed by keeping them in storage for a week and also (ii) if the 
inoculated pathogen reappeared in ‘direct inoculaMons’ and ‘moist chamber cul- 
tures. On examination these showed profuse growth of B, cinetea and A. niger 
developing below the stalk end of the fruits in which the respective fungi were 
inoculated round the injured stalk end region. Gradually they seemed to develop 
over the mesocarp. In all these isolations the. frequency of infection due to 
B, anerea was 70-80%, of A. niger 40-60% and of A. niiulans 5-8%. 




Tm Fig. ^ h Sections oT young ‘Bel’ fruits experimentally infected with A, niger, (a) and (6) i Thel 
conidia germinated and as such, attached to the cuticular lining of the fruit/ (c) : Hypha 
its in the subcuticular region, (d) Hyphae in the epidermal and subepidermal tissues. 

MODE OF INFECTION AND PERENNATION OF THE FUNGUS 

The pathogenicity experiments showed that the. pathogens gain entry mainly 
through the stalk end region of the ‘BeF fruits. B, cinerea secures infection through 
the stalk end, wounded epicarp and the stalk end depression. (Plate Fig. 2). The 
aspergilli have identical mode of penetration in the fruits through their stalk end 
depiession (Plate, Pig. 3), but can also infect through the epicarp and the stalk end 
regions if they are injured. 

• 'A to study the precise mode of infection and perennation of the fungi 

mside _the host tissue, microtome sections were studied of the experimentally ino- 
culated flowers (ovary portion) and young fruits collected from the tree after one 

wee of the experimentation. The study showed that a number of conidia of A, niger 
remain nrmly attached to the outer ovary wall and the cuticular lining of the 
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fruits, some of which were in the germinat ed cpijidifion with variable lengths of 
the germ tube growing along the cuticle (Text Fig. 1, a and i). Hwhal bits which 
have ■’traced in the subcuticular, epidcrmial i and Sul>cptacrtnal regions 
of theseshSpefitoferited fruits (Text Fig, 1, e ahcl ipaicate that the germ tube 
«gaifls>e»itif' at*'soWe place through the cuticle ahfj i'arpiftes in the region lying 
Wo'W‘fti55iiirhere' 'lhey''reto dormant as latent infcctiotir 

'tt, .VW,i!rii,.’'",7V ■ / ' ■ ' ■ , . ' ■ . 

ArMOSPHERlC MYOOFLORA 


The atmospheric fungal flora round a tree, during its flowering and frui ting- 
period, an important role in the cstablishmehi of the fungi as latent in 
!fe©tions^%hicfr ^ as causal pathpgens in stored fruits. I1ic study 

wthe^tmdspheric mfeoflora round the 'Ber made at regular intervals 

throughwMhe year, by exposing 1 6 petri plates containing Brown^ agar medium 
at a height of 10-12 feet for 2 minutes at difTcrent fc&ncrs of the tree. Hic plates 
were incubated at 28-30'^O, and the colonies appearing after 3-^ days were counted 
and studied. The observations were made round the year once in two months 
and the relative frequency of the causal fungi has represented in text figure 2. 
These counts indicate that the atmospheric mycoflora consisted of, besides a 
number of bacteria, seven fungi vk., Aspergillus 4g<^r, A. nidulans, Bolryiis cinerea, 
tusartum sp., Alternaria spp. StmphyUium sp. and PemHllium sp, The occurrence of 
these fungi in different periods of the year is variable (Text figure 2.) 


12 

10| 


‘ Bqtrytis ( 

SCAie.' I \ieRV»usi. Hr^Ti{K S u Cm ONir*, 



Text Fig. 


!?■ Showing the relative rrequency of iJolrWir cinmo. Asbirn 
.the atniospherlt-myfcdflora oi the ‘Pel’ li'c/fS ailTcfent pcfiodj 


'Hm nim md A, nidHlm in 
oTtlio yc^r. . 


DISCUSSION 


first timi- ^ storage disease, reported here for the 

dLc'lSic^.frt distmct fiingi arid th<i chtiracteristic colour of the 

diseased’^tjssuef -devdops according to tivc pathd|cn,' The dry-rot ' has thu.s been 
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divided into three types viZ-, the red-rot caused by Botrjiis cinerea, biack-rot by 
Aspergillus i iger and green-rot b}' .d. nidulavs., These /ungi .occpr as latentdii£p:P.tion 
secured during' the"' deyfilbprh'efiYa'r period' of the fruit on the tree and become 
active to produce the disease in storage. 

A large amount of w6rK ha| been^^^^ on the latent infect^onsKin th^j fruits., , 
both in India as well as abrokdv , Baker and Wardlaw ( 1937 ) , demonstrated, ..that, ... 
in a* number of IropibaT fruit fungal spores germinate aAd^estabiisJi th^emseluesH,; 
as latent infection under the c|)idermis and .tfieir subsequen^4Av^ti}pp^^^^ is 
arrested till the fruits^rda-bh a Pa^tu/. ^(19^^^^^ 

that Gloeosporiiiiti the, fruit^^^ plantains,, pstalllishedA^^ 

before the fruits are'Hjpd*‘‘TH apple’ sca^ due to, 

develop in the stored fruits, are initiated in the field bn the tree (Wormalcl^ ;"^ 34 ). 
Das Gupta and Bhatt ( 1946 ) derbohstrk ted 'five fungi occurring -as lateVt infections 
in the mango fruit while still borne on tree. 

The results obtained from infection experiments on the very young ‘Bel’ 
fruits ^in vivo* also go to show to a ^reat extent that the fungi es.tabli§4 ,^^s^^}atent 
infections during''tW#dd4leTb|)rn®fit' ^ fruits ' bn the tree, .This, is,^|u^Ur%, spbs-,^^ 
tantia* cd by the* prdibfiSV'bf ttefKTuhgi in^he atmcspheric mycofloraj, joup4, v 

‘Bel’ tree. They occur nearly throughout the year with' variable frequency. 
Since the atmospheric fungi are likely to change at difierent places and times, 
tile pathogens coming up as latent infections are also liable to change accordingly 
from place to place. 

The mode of entry of all the causal fungi B. cinereq^ 
lans^ in ‘Bel’ fruits is more or less identical. B, cinerea can penetrate .successfully 
through the injured and tiniriJUi^bd ’stalk 'end of the yoy^ng,,^|Tuits,^a||bqpgh the 
percentage of infcctiorilh the Ibiiher is ' dp than that obtained ip^ t|)jp Tatter, 
but the aspergilli can do so only'lf this fdgion is wounded ; an4 when inoculation 
is made through the "stalk end dept^ession of fruits, B, cinerea gains entry o^ly when 
this is injured while the aspergilli infect through this region even if unwbunded. 
The injured epicarp considerably^ favqurs^tlte, entry, of all the tjjiree |;^j|[^gi., ^fter 
penelTation the gfoWffi of K ^ asper- 
gilli gro\y com pafa1:i\^ely‘fasleF'w^ result that they mask th,p,. pre^ehcij of the 

former when they occur together in older fruits. An infectioiti pl^* 
fore cannot be detected t‘&e fekrlf^^sFageS of deveiopmept of the ^ |nfectibn are 

taken into account. The presence of B, cinerea exclusively in younger fruits and 
of niger usually in older fruits eithei’ .. .individually or in associatipn with 
B. cinerea may be due to physiological differences in the condition’ of pulps at these 
two stages of ‘Bel’ fruits. 

The mechanism and the n'ainte'bf the latent infection, in this- case, is very 
much similar to that obtained by Das .(jupta and Bhatt ^ ( 194 , 6 ) ^ who 
that the infecting hyphi' renia iris’ the sub;CUjtmuW/rfgj^^^ ^jill the 
mango fruits are on the tree and become most active when the fruits are in stor- 
age. The dormant mycelium oi Dolhiorella ribis in the air space of the immature 
avocado pears on trees has been traced by Horne and Palmer ( 1935 ), which be- 
comes active in the stored condition of the fruits. In the young ‘Bel* fruits, the 
dormant hyphac have been demonstrated in the sub-cuticular, epidermal and the 
sub-epidermal regions. A number of spores of A. niger have been found attached 
on the cuticular lining of the fruits, both germinated and as such.. 


[ 63 ] 



SUMMARV 


- The p'lpir describes a liitherto unreporLcd dry-rot disease of the ‘Bel* 
mamelus Gorrca) fruits in storage. 

Three fungi, Hj'ger, and Botryds cinerea have been found 

to be associated with the disease. Each fungus individually and in combination 
can causcKthe dry-rot.' The rot produced by is ‘black’, by .d. nidulans 

‘green’ while. t-he one caused by B. cinerea is ‘red’. 

The ihfoc'tional and histopathological studies show that in all tlu; casc.s the 
disease is due to the latent infection initiating when the fruits are borne on the 
tree. The Bdtrpis red-rot appears in very young fruits while the rots due to the 
Aspei'gilli develop' in mature fruits. 

All these fungi gain entry through the stalk end as .well as the injured cpi- 
carp at all stages ol the growth of the fru.its, 
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on THE NATURE OF THE GELL EXTRUSIONS FRO 4 ThE EPIThELIUM 
IN MIDGU r AND HEPATIC CAEGA OF CERTAIN INSECTS.* 

By 

R, P. SRIVASTAVA 

Zoology Department^ Lucknow University 
[Received on 3rd November* 1959] 

INTRODUCTION 

A good amount of work has been done on the structure and activity of the 
epithelial cells in midgut and hepatic caeca of insects but still there exists a 
difference of opinion regarding the exact nature of the various cell extrusions 
observed in the midggit and hepatic caeca of insects. Majority of the workers 
considered such extrusions as discharged cytoplasmic globules/discharged Auclei, 
bursting cells, extruded cells etc. to be evidences of the sectetory activity and it is 
on the basis of such an assumption that the discharge of the secretion in midgut 
and hepatic caeca of insects is described mainly by holocrine and merocrine 
manners. Some workers however consider these structures to represent cellular 
degeneration. Still others believe that such structures arise because of poor 
fixation of tissues. It was with an intention to clear up this confusion that the 
present study was conducted. Epithelia from the midgut and hepatic caeca of 
three insects, Leogryllus bimaculalus Sauss., Periplaneta americana L. and Gryllodes 
sigitlatus Walk, were studied under varied experimental conditions. 

OBSERVATIONS 

Trials with, a number of fixatives showed that while fixations by Yao-Nan 
(Fig. j) and Mann-Kopsch (Fig. 2) techniques were quite satisfactory, and the 
condition of the epithelium in these cases was similar to that observed in frozen 
sections of fresh unfixed material, fixations by Flemming without acetic acid 
(Fig. 3) and Bouin’s fluid (Fig. 4) had a tendency to often produce such structures 
as discharged cytoplasmic globules, extruded nuclei etc. in large numbers as a 
result of poor fixation. Flemming without acetic acid also showed an uneven 
fixation of tissues and the cell extrusions.;i^ere present in large numbers in regions 
of poor fixation (Fig. 3). This study thus showed that there did exist a possibility 
of the production of such extrusions as discharged cytoplasmic globules, extruded 
nuclei etc. due to poor fixation. 

Examination of a large number of epithelia from insects collected from nature 
showed that there occurs a continuous renewal of the epithelial cells. The old 
worn-out cells go on degenerating and being extruded out (Fig. 5) and the regene- 
rative cells go on producing new cells which compensate for the loss. This 
suggested that the few cell extrusions often observed on the top of older cells 
represented extrusion of old worn-out cells. This study also showed that there 
occurs, at times, a sudden degeneration and replacement of a part of epithelium 
and during this condition of sudden degeneration the number of cell discharges 
becomes quite large (Fig. 6). 


*ParL of the thesis approved for Ph.D. Degree of Lucknow University. 
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Fig. 1 


Fig. 4 

EXPLANATION OF THE FiOORES * 


Fig. 1. Photomicro jraph of a part of cpitheliLiin from -licpatic caeca of L. himaeulaias Saiisa. 
showing fixation by Yao-Nan lUiicL 

I^ig. 2» Photomicro'^raph of a part of epithelium from hepatic caeca of L, bimaeulalus Sauss 
showing fi^tation by Maiin-Ko'p'ich fluich 

Fig. 3. Phdtlomicirogvaph of a part of epithelium i\‘om hepatic caeca of G, sigillatus Walk, showing 
Uneven and poor fixation by Flemming without acetic acid. 

Fig. 4. Photomicrograph of a part of epithelium from midgut of P, americana Linn# showing poor 
fixation by Bouin’s fluid. 


aig. 5. 
Fig. 6. 

Fig. 7. 

Fig. 8, 
Fig, 9. 


Part of epithelium from hepatic caeca of L, Hmaculalus Sanaa, showing extrusion of worn 
out cell. Yao-Nan preparation. 

Photomicrograph of a part of epithelium from hepatic caeca of bimnculalus Sauf.s. 
showing an area where rapid degeneration and extruaion of old wor n-out cells is taking 
place, Mann-Kopsch preparation. 

Photomicrograph oi a part of epitheliun from midgut (normally fed specimen) of£. 
oiinacutatus b3,im showing absence of cell cxtnniona alonr epithelial surface. Yao-Nan 
preparation. 

Photomicrograph of a part of epithelium from midgut of F. msricana Linn, starved for 2 
months. Yao-Nan preparation, 

A part of epithelium from hepatic caeca of C?. sigillatus Walk, with cells all of equal 

« size. Yao-Nan preparation. 


LETTERING 


b.b., brush .border j c.m., circular muscles } ep.c,, epithelial cell ; 
cell ; ex.c., extruded cell ; g., granule ; l.m., longitudinal muscles 
tive cell ; s.ep.c,, short epithelial cell. 


c.cp.c,, elongated epithelial 
; n,, nucleus j r,c, , regenera- 






An examination of a large' number of cpithclia from insects of the thr^^ 
ipccies under normal feeding condition, unfed condition and under condition’s ot‘ 
regular iiUcrvals after, feeding showed that in majority of the cases the cpiillclia'l 
surface may be devoid of extxmding cell, discharges and though some' extrusions arc 
often observed (Fig. 5), their number is too small to suggest any significance ‘ in 
the matter of secretory activity, these occur on top of old worn-out cells and their 
presence cannot be coordinated with the secretoiy activity ; they may be present 
even in unfed individuals and at times may be absent altogether in some actively 
feeding forms (Fig. 7) and do not, show any increase in their number at any time 
after feeding. These studies thus clearly showed that these cell extrusions could 
not be taken to represent seexetpry discharges. ’ . 

An examinaticn of epilluila fiom individuals staivcd fer \aiied periods 
showed that even in individuals starved for over two months (Fig. 8) there may be 
abundance of such discharges along the epithelial ' surface which, clearly 
showed that these extrusions could not be the secretory discharges, for if they were 
secretory discharges, there would be no need for their increase in individuals 
slai'vcd for such a prolonged period where there was no food to be digested and so 
they definitely were result of cellular degeneration. 

, DISCUSSIONS. 

These investigations thus show that the cell extrusions which have been so 
far generally taken y^to represent the merocrine or holocrine types of. secretoiy 
activity are really result of cellular degeneration. A continuous cellular. degenera- 
tion is going on in the epithelium of insects. The old worn-out cells, are. being 
degenerated and extruded out in form of extruded globules or extruded cells. It 
is, therefore, not strange to see some of these extrusions along the epithelial surface. 
At limes a large number of extrusions may also be seen as there occurs, at times, a 
sudden degeneration of epithelium. An epithelium (Fig. 9) with cells all of equal 
size represents a freshly formed epithelium following a rather complete and sudden 
degeneration. Besides, at times poor fixation may also be responsible to produce 
an increase in the number of these extrusions. The facts that their presence 
cannot be coordinated with the secretory activity, these discharges may be present 
in unfed forms, they may be alDsent in actively feeding forms, they do not show any 
increase at any time after feeding, may show an increase during starvation and 
may be present in exceedingly large numbers in individuals starved for 2* months, 
aijord conclusive evidence that these cell extrusions do not represent secretion 
discharges and are really result of cellular degenei'ation. In absence of any visible 
change in the cells which can be coordinated with the secretory activity, the 
present author concludes that the discharge of the secretion takes place without' 
any change in appearance of. the cells probably by a simple, manner of diffusion 
and the various cell extrusions often observed by the previous workers and 
regarded as secretory discharges are really result of cellular degeneration. 

The view that at times these cell extrusions observed may be result of poor 
fixation finds support of some previous workers also. Petersen (1912), Steudel 
(1913), Pavlowsky and Zarin (1922) and Woodruff (1933) stated that the formation 
of these sti’uctures occurs following poor fixation. Similarly continued degeneration 
and extrusion of epithelial cells and their replacement was described by Henson 
(1929, 1931)^ in Vanessa Woodruff (1933) in Melanoplus differentialis^ Gresson 

(1934) in Periplaneta orient alis L. and Day and fowning (1949) in Blatella. .A sudden 
breakdown of epithelium and its regeneration, was also observed by Haseman 
(1910) in Psychoda alternaia, Newcomer (1914) in beetles, Gresson (1934) in 
Periplatieta orientalis L. and Pradhan (1939) in Coccinella. septempunctata. The increase 
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of the cell exttusions with starvation was recorded by Day and Powning (1949) in 
Blatella. The view that these cell extrusions are not the secretory discharges and 
the discharge of the secretion takes place without any visible change in appearance 
of cell support by works of only some previous workers. Henson (i931) 
believed that in urtiw secretion may go on without any change in structure 

of cells. Green (1931; 1933) in case of Vespa had a similar view. Woodruff (1933) 
in case of Melanoplus diffemtialts^ though stated that secretion was discharged in 
a merocrine manner yet he did not describe discharge of cytoplasmic globules etc. 
and rather considered these to be due to cellular degeneration. He, therefore, also 
probably meant that the secretion was discharged without any alteration in the 
cell structure. Day and Powning (1949) working on Blaiella clearly showed that 
the secretion is discharged by the cells in a simple manner of diffusion. More 
recently Wigglesworth (1953) stated that the secretion in the midgut of mosquito 
may take plate without any alteration in the cells. 

A vast majority of other workers, on the other hand, however held, that the 
cell extrusions as discharged cytoplasmic globules, extruded nuclei etc. represent 
secretory activity. The earliest cWssical work concerning these appears to be that 
by van GehucHten (1890) on Ptychoptera coniaminata* He stated that the globular 
protrusions found on the top of certain epithelial cells were secretory globules. He 
also mentioned that at times these globules carried nuclei with them. Qitite a large 
number of later workers appear to have taken van Gehuchten^s (1890) conclusions 
for granted and have described various cell discharges as evidences of secretory ad’ti- 
vity* POyarkoff (1910) in Galetucella and Buebmann (1928) in Pytaasia described dis- 
charge of secretory globules. Separation of cell tips were described by Oragg (1920) 
in Tabmm and Graham (1934) in Calliphora, Gresson (1934) considered in case of 
Peripiomta orknidis L. the sepaijation of cell tips and bursting of Cf'lls also as 
evMenjsef of secretory activity. Hodge (1936) in Melamplus and Saksena (1951) in 
described cytoplasmic globules, extrusion of cells with granules and 
nuclei, separation of cell tips and bursting of celte as modes of secretory activity. 
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. AL'rERNAklA HLlGHT OF Z^NlA l^^LliGAMS JAC1Q«< 

Bj> 

PRAKOn KANJANASOO>N and IL S, MATllUR 
* * , , [RcccKod on 14th l'(4»ruary, UHil ]' 

INTRODUCTION 

Zinnia elegans, a hardy ornamental plant with variously coloured flowers, 
is commonly grown in pots or beds almost all the year round in India. But cpiite 
often* these plants present an ugly appearance in the garden on account oi severe 
leaf spotting caused hy Altcrnaria blight, 

Ncergaard (1945) inoculated AlUrnaria poni quite successfully on degans 

and a uuniber of vegetables, Baker and Davis (1950) rcporttHl AUetmria zinnia 
on a sample of Gerbera from California arid Ai Sonchi on ^innia degam from 
Kenneth <2/\( 195'')) found commcixial seed fields' of dt\g(itis lo be severely 

affected hy A. tUmae. 

StudiesiD reported in this paper are based on collections made liv the senior 
author in the gardens of the Royal 'Thai Embassy and the Indian Agricultural 
Research Institute' at New Delhi. The ailected leaves showed large concentric 
and often confluent rings which on isolation yielded an Allenmin belonging lo the 
iennis group. The morphology, physiology, pathogenicity and host nuige of this 
fungus were, studied. In addition pot culture experiments, to control the Zinnia 
leaf spotting by spray fungicides, were also conducted but no field trials could be 
carried out. 


MA'FRRIAI. AND MimiODS 


AUernana was isolated by stcrilijsing the affected leaves for 30 seconds 

, in 1 ; loco mciiiicuric chloride solution and transferring them aseptically to potato- 
dextrose agar slants incubated at room temperature A .single spore culture 
was obtained by the dilution method and this culture was used for flirthm* sttuUcs. 
This^ culture was tested for pathogenicity on one month old secallings grown in 
' • Leaves with or without pinpricks were inoculated by a piece 

of the fungus culture and also by spraying an aqueous suspension of fungus s[)ores 
on healthy Icav^. The morphology of the organism was studied from scrapings 
01 the blight affected Z'^^nia elegans leaves and from the pure culture of the funLuis 
grown on 2% potato-dextrose agar. ^ 


The radial growth of the fungus was studied on Richard’s agar (Gaue suu'ar- 
potassium nitrate agar, pH, 6-5) Brown’s synthetic medium (glucose asparagine 
agar, pH, 6'5) and beef extract- peptone nutrient agar, pH 6-5.), oat meal agar 
pH b b and 2% potato-dextrose-agar adjusted at pH values 4*5, 6\\ and 7*5. accord- 
ing to y^echmque reported by Gash (1942) and the inoculated pclri dishes were 
meuDated in an underground room maintaining a constant temperature of 

Final readings were taken on the twelfth day. ^ i... 

^11 ^he seed-borne nature of AUernaria icnim, zimiia seeds 

collected from severely blight affected plants were centrifugeer with 5 c. ^ of 


^Condensed from a portion of the thesis submitted by the senior author for tlic nost-nr..,limi/. 

diploma of the Indian Agricultural Research Institute. New Delhi. tli<. I'ost gi.ulualt 
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distilled water at 800 r.p.m. for about half an hour and after decanting the 
supernatant liquid, the sediment was examined under a microscope. Surface 
sterilized seed were also incubated on 2% potato-dextrose agar in petri dishes kept 
in an underground room maintaining a temperature of 19-20^0. 

The effectiveness of a few spray fungicides in controlling Alternaria tenuis was 
further studied on 30 day old pin pricked seedlings which were sprayed with an 
aqueous solution of hydrophobic colloidal sulphur (1 ; 100), Phygon (2, 3-dichloro, 
4-nap thoquinone, 1 : 1000) and Perenox (50% cuprous oxide, 4 : 1000) before and 
soon after inoculation by the pathogen. Check plants were inocluated with the 
pathogen but were not sprayed with the fungicidal solutions. All seedlings were 
ktpt in a moist chamber and after seven days, final observations were taken. 

All the experiments were repeated thi^ee times and each treatment of an 
experiment was replicated five times. 

observations 

Pathogenicity tests carried out according to Koch’s postulates by four 
different methods on 24 leaves showed that the pin pricked leaves of Zinnia elegans 
were the worst affected. (Table 1). 

TABLE I 

Pathogenicity tests of Altenaria tenuis on elegans leaves. 


Method 

Percentage of infected leaves 

Pathogen inoculated on pin pricked leaves 

66-0 

Pathogen inoculated on uninjured leaves- 

41-0 

Spore suspension of pathogen sprayed on pin 
pricked leaves 

16-0 

Spore suspension of pathogen sprayed on 
uninjured leaves 

11-0 

Uninoculated control 

0-0 


The fungus invaded and killed within 5 days portions of the leaf tissue near 
the pin pricks. There was no sign of fungal invasion on uninoculated leaves. 
Pin pricked potato and tomato leaves were equally affected. When the affected 
portions of leaves were surface sterilized and transferred on agar slants, Alternaria 
tenuis was recovered. 

The morphology of the causative organism was studied by making a 
thorough microscopic examination of the scrapings from* severely infected leaves. 
Tiic following observations were recorded : 

Mycelium : Light olive, septate, branching 3’04-~7*60 /a in breadth. 

Conidiophores : Light brown, erect, slightly curved or straight, solitary, septate, 
uniformly thick except at the apex where they are somewhat swollen. 

Conidia : Olive brown to buffy brown, oblong or ovate, eadochrome, trans» 
versely 2-7 septate with longitudinal septae varying from 0 to 4, muriform, 12*54- 
46*74 ^ X 4*90-14*44 p. The apical cell is short or drawn out into a single cell 
with short hyaline beak. 
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Further the morphological characters of a sirigle spore isolatiou made on 
potato- dextrose agar showed a variation in spore measurements* The conidia 
measured 5*70-5*20 (-^ X 7*00-58-90 g. Studies of the fungus on an agar slant 
showed that spores varied a great d(^al according to the stage of devclopmeut. 

In the thin regions of the slant, conidia were bonic in chains of 2 only where- 
as the thick portions of the slant showed 2—30 conidia in chains* 

The cultural characters of the fungus were studied on 7 dillerent media 
incubated at 19-20°G from the sevcntli day onwards. Final obsen-vations were 
taken on the twelfth day. The data arc presented in figure 1 and table 2, 



TABLI': 2 

Relative linear rale growth of Alierriaria sps on different medial 

Average rat(J ol' 

Avora'^c radial growth of the inereasc at ati 

colon! as in m. ni. interval of 24 hours 

in m.m. 


Treatment 

7ih 

clay 

Bth 

day 

9th 

clay 

IDih 

day 

lUh 

clay 

12ih 

day 


Potato-dextrose agar pl-l 7*5 

19*2 

23-5 

27-2 

31*1 

35*5 

3!)-« 

4*1 

Potato-dextrose agar pPI 6*5 

24*1 

28*0 

32*1 

36*5 

41*4 

4()-2 

4-4 

Potato-dextrose agar pl-l 4*5 

18*B 

22’0 

25*2 

28*5 

31*6 

3rv3 

3*3 

Oat meal agar, pPI 6*5 

18*0 

21*5 

25*8 

29*5 

33*0 

37*0 

3*8 

Brown’s Synthetic medium 
agar, pH 6*5 

15*0 

18*0 

21*1 

23*5 

26*0 

29*2 

2*8 

Nutrient agar, pH 6*5 

15*7 

18*8 

20*2 

22*8 

21**7 

28*3 

2*5 

Riehatd’s agar pH 6*5 

12T 

14*3 

16*5 

18 6 

20-8 

23*0 

2*1 
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The mycelial growth observed on different media was oi the following types. 

Types of growth observed in media : 

(1) Poia^O’dextrose agar at pH 6*5, Shape of colony circular, even, aerial 
mycelium felt like, Olivacious Black. Growth in uniform concentric rings. Ten 
rings were formed. Mycelium on the peripheral region colourless. Substratum 
changed to Dark Olive Gray. 

(2) Potato-dextrose agar at pH 1'^. Shape of colony circular, even, felt like, 
Dusky Olive-green. Growth in concentric rings. Concentric ring near the ino- 
culum most conspicuous, after which there is a ring of loose colourless aerial 
mycelium. Next to the inoculum the growth is depressed. Eight concentric rings 
were formed. Advancing mycelium on the periphery colourless. Substratum 
changed to Dark Olive Gray. 

(3) Potato-dextrose agar at pH 4*5. Shape of colony circular, even, aerial 
mycelium loose Fluffy-white to Andover Green. Nine concentric rings formed. 
Substratum changed to Olive Gray. 

(4) Oat meal agar. Shape of colony circular, uneven, aerial mycelium abund- 
ant, convex in growth, thin and short towards the periphery, felt like, Storrn Gray. 
Substratum change to Olive Gray in colour, ' Concentric rings hazy and incons- 
picuous. 

(5) BrowrCs Synthetic medium agar. Shape of colony irregular, uneven, aerial 
mycelium very sparse except at the peripherry where it is raised and wholly in 
texture, Olivacious Black to Dull Greenish Black. Substratum changed to Hathi 
Gray. No rin g formation. 

(6) M'liteiient agar. Shape of colony circular, uneven, aerial mycelium growing 
like mosses, in clustei's and sparse at places. Dusky Green Gray in colour, no con- 
centric ring, substrate changed to Dark Olive Gray. 

(7) Richard’s agar. Shape of colony circular, uneven, aerial mycelium very 
loose, fluffy, sparse, White to Dark Olive Gray in colour. No concentric rings. 
Substrate changed to Deep Olive Gray ip colour. 

Potato dextrose agar (pH 6*5 and 7*5) and Oat meal agar, ^ 

the best growth. The spore measurements were in agreement with Elliot s (lyl /) 
description of AUernaria tenuis. 

An examination of the spore washings from seeds showed rust, smut and 
Fusarium spores and bits of thick hyphae. Plating of sterilized seed mostly yielded 
colonies of Aspergillus sp. followed by Penicillium sp. and Rhizopus sp. No conclusions 
could be drawn whether Alterharia tenuis was seed-borne. 


CONTROL OF DISEASE 

In order to study the effectiveness of some fungicides in inhibiting the growth 
of the fungus, seedlings of about 3" to 5" height (one month old) were 

selected, and transplanted at the rate of 5 seedlings per pot of 4' diameter. They 
were then sprayed 
against them. 

1 . 

2 . 


with the following chemicals in the strength given 


3. 


Hydrophobic colloidal sulphur 
Phygon (2, 3-dichloro-- 1,4 naphihcquinone) 
Cuprous oxide) 


Perenox (50){, 


1 ; 100 
1 : 1000 
4 : 1000 


N. li. Cotui iU'!’' N' ilh Color Standard and Color NomendaUno— Robert Ridgway. 
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Twenty seedlings were used for each treatment with each chemical and 
another 20 untreated seedlings were kept as control. 

Two leaves of each seedling were inoculated with the fungus just after spray- 
ing with the chemical. The following method of inoculation was adopted. Pin 
pricks were made in the centre of each of the leaves with sterilized fine pin, then 
a bit of mycelium with spjDres was transferred to this place. 

The plants were then kept in moist chamber, the humidity of which was 
brought nearly to saturation point by frequently spraying the chamber with watci 
with a hand sprayer. Plants were removed after 4 days and kept in the open. 
The temperature in the moist chamber during the experiment was 28-32*^0,, and 
in, the open it was 26-30°G. The final observations were taken on .the 7th day, 
The results are given in table 3. , 



A. Control (Healthy Seedlings), 

B, Infected Seedlings. 


TABLE 3 

Efficacy of diffmnt .spray fungicides in ihe control of AUernaria blight ofZinriia elegans 


No. Treatment 

J . Hydrophobic colloidal sulphur 

2. Phygon 

3. Perenox 

4. Water (check) 


No. of leaves 
inoculated infected 


Percent infection 


40 12 30-0 

40 5 12-5 

40 4 ■ lO'O 

^0 24 '60 0 


control* ®I^°wcd better 

colloidal • coinpared to spraying with Phygon and Hydrophobic 

10-0 ><> 
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In the case of affected leaves, the fungus invaded and killed the tissues 
surrounding the punctures within 4 day,-. The affected leaves were collected and 
surface sterilized with 0*1% mercuric chloride, and transferred to agar slant. After 
4 days the same fungus was observed. In the case of control no fungal infection 
could be observed. 

DISCUSSION 

In the investigation under report the Allernaria causing the blight of Zinnia 
I'® differ from AlternaTia sonchi and Altefnaria zinnias. The spores were 
linear to clavate having 2-7 transverse and 0-4 longitudinal septae. The size of 
spores waS' 4‘99— 14'4 M X 12'54— 46'74 M , and agreed more closely witlj the 
measurements reported by. Elliott (1917) for the Alternaria tenuis group. 

Cross inoculation tests indicated that this .fungus could infect potato and 
lomato also. Bhagwagar (1946) described a similar fungus from potato. It is 
possible that potato and tomato serve as collateral hosts of the fungus. 

An examination of the seed washings showed that spores of Eusarium, smut 
and ,rust and bits of thick hyaline hyphae were associated with the seed and seed- 
lings raised from unsterilized seed. Seedlings raised from seed protected from 
external infection did not suffer from Alternaria blight. .This shows that the 
Alteriiarii blight common in Delhi gardens is not seed-borne like AUermrta zinniae 
of G.alifornia. Two sprays of Perenox (4 : 1000) on inoculated leaves reduced the 
infectiion from 69 to 10 percent. Preventive sprays on healthy plants but exposed 
to natural infection of the disease were not tried. 

SUMMARY 

: Symptoms of Alternaria blight have shown large, brown dry areas with 
concentric rings on leaves. 

Pathogenicity tests have shown that the fungus can infect the leaves of the 
plant by artificial inoculations. The best method of inoculation was transferring 
the inoculum to pin pricked leaves. The fungus, therefore, appears to be a wound 
parasite. The fungus is pathogenic both to tomato and potato leaves. 

Motphological studies of the causative fungus have shown that it belongs to 
the Alternaria tenuis group. 

The fungus was grown on seven different media at 19-20°G. The best 
growth was obtained on 2% potato- dextrose agar at pH 6'5. 

Perpetuation of the fungus on the seeds by the centrifugal and plate methods 
was studied but Alternaria sp. was not isolated. 

Perenox spray (0'3 %) on leaves appreciably checked the disease. 
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PHYSIOLOGIC VARIATIONS IN FUSARIUM ORTHOCERAS APP. AND 
WR. VAR. CICERI PADWICE CAUSING WILT OF GRAM 
{CICER ARIETIMUM L.)«f 

Ry 

S. K. CHAUHAN 

Botany Department, Agra College, Agra 
[Received on 6th May, 1961] 

INTRODUCTION • • 

Padwick (1940) studied cultural characters of Fusarium orthoceras causing wilt 
of gram to determine the diagonastic features of the pathogen isolated by him. 
Cultural variations accompanied with difference in pathogenicity have been 
observed for a number of species of Fusarium. As early as 1913 Wollcawcber 
pointed out such physiologic variations. Broadfoot and Stakman (1926) observed 
physiological specialization in Fusarium. Uni. Differences in pathogenicity of two 
strains of the tomato fungus {Fusarium lycopersici) was discovered by Haymaker 
(1928). Watanabe (1939) found variations in toxicity of the cultural filtrates of 
Fusarium spp. In Fusarium avenaceum and Fusarium arihosporioides variations in cultural 
characteristic and pathogenicity were found by Gormacfc (1951). Subramanian 
(1952) has demonstrated the existence of variations and forms in Fusarium. vasinfectum'. 
causing wilt, of cotton. Certain variations in tomato wilt Fusaria have also been 
recorded by Verma (1945). 

In view of the wide occurrence of physiologic variations in Fusarium it 
was considered desirable to investigate the twentytwo isolates of the pathogen 
obtained from wilted plants of gram {Cicer arietinum L.) in fields near about Agra 
and other localities where gram is an important rabi crop. . Physiologic variations 
has been studied in respect of {%) type of mycelium (zz) type of colony {in) radial 
growth in similar conditions {iv) dry weight of mycelium {v) toxicity of the filtrate 
against the host plant and (yi) variation in pathogenicity. 

METHOD AND MATERIAL 

Standard mycological techniques were employed in isolating the pathogen 
and in cultural studies as outlined by Rawlins (1933). The various isolates were 
identified following Padwick (1940). 

Cultures were grown on Brown’s Standard agar medium to note the type of 
mycelium and monohyphal cultures were developed on Synthetic Gzapek’s liquid 
medium to record observations on colony characters. Radial spread was 
recorded for ten days every 24 hours after two days’ growth following Subramanian 
(1952). The growth relations were also determined quantitatively as suggested by 
Hasselbring (1908), the weighings were done on a Sartorious single pan balance to 
maintain the highest degree of accuracy and rapidity. Three replications of each 
isolate were kept throughout and the cultures were incubated at 28°-3j°C. 


*A part of thesis approved for Ph.D. Decree of A^ra University. 


( 78 ] 



toi' testing the isolates for the production of toxin they were grown ii. 
Richard’s liquid medium for 21 days at room temperature, and then the fungus 
mats were filtered off and the filtrates were tested for the toxin. The seedlings 
of gram already growing- in Shive nutrient solution were transferred to the filtrates 
of liquid medium in which isolates were previously grown. The time taken (in 
hours) for 'Complete wilting was recorded. Six seedlings were taken in each 
treatment (twentytwo filtrates). 

The variations in pathogenicity were determined by infesting the soil in pots 
with the pathogen of different isolates and growing grain seeds of a susceptible 
variety (T. 87). .However, optimum conditions for the disease development were 
provided as investigated by the author (1959), The final mortality figures in each 
treatment were recorded. 

The statistical^analysis of the data was made where it was possible and felt 
neceassary* 



RESULTS ; 

The observations of 22 isolates of Eusarium orthoceras var. ciceri are sum- 
marised. The following symbols for the type of mycelium and colony characters 
have been used in the following table. 

(i) Type of mycelium : Cottony CO ; Villous VS ; Matted MT ; 

(ii) Type of colony : Submerged SU ; Central aerial GA 

Ajeria] mycelium abundant AA 
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PLATE 1 



MT ; Matted 
CO t Cottony 
VS : Villous 


PLATE n 



1. Aerial mycelium abundant 

2. Central aerial 
5, Submerged 



TABLE I 

Showing type of mycelium and colony, radial growth (in mm.) and dry 
weight (in gm.) of mycelium, toxicity of filtrate (time taken in 
wilting) and percentage mortality in various isolates 
of Fusarium orthoceras var. ciceri 


Locality of Type 

isolate and of 

its number mycelium 

Type 

of 

colony 

Dry wt. 
of 

mycelium 

Radial growth . 
of 

■ isolates 

Time taketi 
in 

hours 

Percentage 

of 

mortality 

1 . Parkham 

vs 

CA 

0-1 30 

4j‘5 

36-0 

72-0 ' 

2. Raibha 

vs 

AA 

0-168 

47-8 

35-8 

72-0 

3. Gwalior (i) 

GO 

GA 

0-126 

44-6 

36-1 

73-0 

4, Kitham 

MT 

su 

0-113 

48-5 

36-1 

71-5 

5, Fatehpur Ghaurasi 

GO 

AA 

0-157 

49-9 

48-0 

60*5 

6. Unnao .Dubeub 

GO 

AA 

0-119 

40-0 

72-8 

45*0 

7. Achhenera 

MT. 

su 

0*137 

45-9 

36-0 

7T0 

8. Delhi > • 

VS 

GA 

0-147 

40-0 

60-0 

50-5 

9. Sahjahanpur (i) 

VS 

AA 

0-145 

41-7 

48-1 

60-0 

10. Sahjahanpur (u) 

VS 

GA 

0- 146 

41-7 

48-0 

60*5 

11. Kanpur 

GO 

GA 

0-107 

65-6 

■ 86-0 

36-0 

12. Lucknow 

GO 

AA 

0109 

39-3 

72-1 

45-5 

13. Unnao Lawain 

GO 

AA 

0-123 

42-1 

72-1 

. 45-0 

• 14. Etawah 

GO 

AA 

. 0-146 

59-3 

60-1 

51-0 

15. Bichpuri Farm 

VS 

CA 

0-187 

53-0 

36-1 

72-5 

16. Gwalior (ii) 

GO 

AA 

0-130 

42-0 

. 86-0 

36-0 

17. Fatehpur Matwan 

VS 

GA 

0-153 

57-6 

48-0 

60-0 

18. Sikandra 

vs 

CA 

3-198 

47-5 

48-0 

60-5 

19. Aligarh 

vs 

AA 

0-157 

46-7 

6C-5 

50-5 

20. Ghheleshar 

MT 

SU 

0-120 

72-3 

48-0 

61-0 

21. Khandari Farm 

GO 

AA 

0-179 

41-7 

59-7 

51-0 

22, Moradabad 

GO 

GA 

0-165 

66-6 

86-3 

35-5 

Critical Difference 




4-195 

1-25 

4-256 


Three types of mycelium and three kinds of colony characters can be seen 
in Plates I and II. It is apparent from the above table that there are differences 
in the growth rate in some of the isolates both qualitatively and quantitatively. 
The differences in the radial growth can also be made from the graph. 

The most interesting relationship which is revealed from the above table is 
between toxicity of the filtrates and their pathogenicity. One is directly pro- 
portional to the other. With increase in the time of wilting in the filtrate the 
percentage mortality also decreases correspondingly. On the basis of toxicity 


r ai i 



of the filtrates and also the percentage mortality five groupings 

formed. These groupings arc very distinct from each other (O. JJ. I '/o nnu f zoo 
respectively) and are as follows ; 

.'I’ABLE II 




number of 

ISOLATES 

Group (i) 

1 

2 

3 

4 

7 15 

Group (ii) 

5 

9 

JO 

18 

20 17 

Group (iii) 

8 

14 

19 

21 


Group ijv) 

6 

12 

13 



Group (y) 

11 

16 

22 




The number of isolates 


toxin production ana me pamogemeuy. mere is no posimmy oi mixing me 
two isolates of different groups in one, as the figures are quite high in comparison 
to the critical differences (Table I). 

Table I also reveals that there is no correlation between the amount of 
toxin production and the rate of growth in artificial media. However, there is a 
significant correlation between toxicity of the filtrates and percentage mortality 
as shown by groupings. 


DISCUSSION 


A study of the data presented shows that physiologic variations exists within 
the species of Fusarium orthoceras var. ciceri. Tests for pathogenicity, toxin pro- 
duction and cultural characters have shown distinct differences among 22 isolates 
studied. The isolates range from apparently mild to high toxin producing and 
pathogenic types under controlled conditions. In pure cultures distinct differences 
were found in a number of isolants. The variations in toxicity of the filtrates, 
pathogenicity and in the rate of growth are sufficient to delimit the isolates in 
distinct groupings. However, no attempt has been made to classify any given 

isolant as a permanent strain. 

The establishment of strains of the fungus studied is complicated by dissocia- 
tion, a phenomenon common iti most fungi (Das Gupta 1936). Because of this the 
stability of any single isolant or strain cannot be considered permanently depend- 
able. Changes may Suddenly take place in the morphology, physiology or 
pathogenicity of an apparently stable strain (Bailey 1934). Consequently, the 
establishment and identification of strains is not feasible, except for the duration 
of the period of study. Nevertheless, this does not lessen the probability of 
picking up isolants with varying degree of virulence or possessing other variable 
characters from fields. 

Any attempt to establish a permanent strain of a Fusarium species is likely 
to meet with disappointment, for the permanency of a strain or isolant may 
continue for several years or it is short-lived (Leonian 1932). The possibility that 
dissociation occurs in the soil, thereby giving rise to new or distinct strains, has 
been pointed out earlier. This phase of dissociation which has been suggested 
explains why isolants from diverse localities or even from the same locality may 
vary in toxin production, pathogenicity or other characteristics. It is strongly 
felt that dissociation occuring in the soil is responsible for the appearance of many 
variable isolants or strains, 
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Since dissociation in the soil must be of frequent occurrence and the direc- 
tion in which the variation may take is a matter of chance, the number of distinct 
strains (degree of physiologic specialization) appears to be quite indefinite 
(Wellihan 1943). 

It lias been noticed that there is no correlation between the amount of toxin 
production (toxicity of the filtrate) and the rate of growth in the artificial media 
but there is a significant correlation with the percentage mortality indicating 
toxin role in the mechanism of wilting, Ghauhan (1959). 


SUMMARY 

Physiologic variations of the pathogen {Fusarium orthoceras App. and Wr. var. 
ciceri Padwick) in 22 isolates from localities near about Agra and elsewhere, where 
gram {Cicer arielinvm L.) is an important rabi crop were recorded on the basis of type 
of mycelium and colony characters, linear growth, dry weight; of the fungus mat, 
toxin production and pathogenicity. Three types of mycelium and the same 
number of colony types were detected among the isolates. On the basis of linear 
growth a few groupings within these isolates were found. The toxin produced by 
the dififerent culture filtrates showed varying degree of toxicity. These isolates 
also showed variations in pathogenicity. No correlation has been obtained in 
relation to vigour of the pathogen and the toxicity of the toxin produced by them, 
however, a significant correlation was there, between toxicity of the filtrates and 
their pathogenicity. Five common groupings were obtained for the toxicity of the 
filtrates and percentage mortality in pot-cultures. 
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